IN THE UNITED STATES PATENT AND TRADEMARK OFFFICE 

In re U.S. Patent No. 4,855,290 . _ Copy No. 1 

Issued: August 8, 1989 / «fc> 

To: Abraham Fisher, Ishai Karton, 

Eliahu Heldman, Aharon Levy and 
Yona Grunfeld 

For: DERIVATIVES OF QUINUCLIDINE 




March 9, 2000 

SUBMISSION OF APPLICATION FOR EXTENSION OF PATENT TERM 

UNDER 35 U.S.C. 5156 oP=r*.E=lVEI 



Hon. Commissioner of Patents & Trademarks 
Washington, D.C. 20231 



m \ 9 2000 



Sir: 



DEPUTY A/C PATc h 



Submitted herewith are the following papers in support of an application for 



extension of patent term pursuant to 35 U.S.C. § 156 with respect to the subject patent, 

U.S. Patent No. 4,855,290 (hereinafter "the Patent"), filed on behalf of the state of 

Israel, represented by the Prime Minister's Office, Israel Institute for Biological 

Research, having its principal office in Ness-Ziona, Israel (hereinafter "Applicant") which 

is the owner of the entire right, title and interest in and to the Patent: 
04/18/2000 SUMN61 00000141 4455290 
01 FC:111 U20.00 OP 

1 . Power of Attorney from the state of Israel, represented by the Prime 

o 

Minister's Office, Israel Institute for Biological Research to, inter alia;ihei~- ^ 

r> ^ (27 



SMOP/Bdliffhdersigned. (It should be noted that the Power of Attorney submitted with /v? 
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CO 
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original Copy No. 1 of these papers is the originally executed Power of 
Attorney.) 

2. Application for Extension of Patent Term Under 35 U.S.C. § 156, including: 



3. Declaration of Paul E. White, Jr., Applicant's patent counsel. 

4. Certificate that these application papers are being submitted in duplicate. 

5. Check in the amount of $1,120.00 (37 C.F.R. § 1.200(1)) payable to the 
Commissioner of Patents and Trademarks to cover the prescribed fee. 



Exhibit 1 - Package insert describing the approved product 



(published and unpublished copies); 

Exhibit 2 - Copy of the subject patent; and 
Exhibit 3 - Receipt of maintenance fee payment. 



Respectfully submitted, 



CUSHMAN DARBY & CUSHMAN 

Intellectual Property Group of 
PILLSBURY MADISON & SUTRO, LLP 




Paul E. White, Jr. 7/ 
Reg. No. 32,01 1 
Tel. No.: (202)861-3651 
Fax No.: (202)861-0944 



1 100 New York Avenue, N.W. 
Ninth Floor, East Tower 
Washington, D.C. 20005-3918 
(202) 861-3000 



^ ISRAEL 

*?IIBR 



INSTITUTE FOR BIOLOGICAL RESEARCH 

)HW l l ipnn 1 ? |l3nn RO.BOX 19 ,74100 NESS-ZIONA, ISRAEL, E-mail: AVtGDOR@IIBR.GOV.IL, 74100 19 .l.n FAX. 08-9401404, TEL. 08-9381595 

Avigdor Shafferman, Ph.D. |ni9tU 1\1V1H '11 

General Director |l3Dn "MDO 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

U.S. Patent No. 4,855,290 
Issued: August 8, 1989 
To: Abraham Fisher; Ishai Karton; 

Eliahu Heldman; Aharon Levy; and 

Yona Grunfeld 
For: DERIVATIVES OF QUINUCLIDINE 

RECEIVED 

POWER OF ATTORNEY FROM ASSIGNEE 

APR 1 9 2000 

Hon. Commissioner of Patents & Trademarks ^ 
Washington, DC 20231 ^mMmSSS 

Sir: 




The undersigned State of Israel , represented by Prime Minister's Office, Israel 
Institute for Biological Research, being the assignee of record in the above-identified 
patent, hereby appoints Paul E. White, Jr. (Reg. No. 32,011), Paul N. Kokulis (Reg. 
No. 16,773) and Donald J. Bird (Reg. No. 25,323) of the firm Pillsbury Madison & 
Sutro, LLP. (Custman Darby & Darby Intellectual Property Group), Ninth Floor, 
1100 New York Avenue, N.W. Washington D.C. 20005-3918, Telephone number 
(202)861-3000 (to whom all communications about this patent are to be directed) 
individually and collectively, our attorneys to the filing on our behalf of an 
application for extension of the patent term thereof under 35 USC 156. 



Israel Institute for Biological Research 
ASSIGNEE 
By 

Name: Dr. Avigdor Shafferman 



Title: GeneraLDirector 




Dr. Avigdor Shafferman 
DIRECTOR 

ISRAEL INSTITUTE FOR BIOLOGICAL RESEARCH 
P.O.BOX 19. 74100 NESS-ZI0NA ISRAEL 



IN THE UNITED STATES PATENT AND TRADEMARK OFFFICE 



In re U.S. Patent No. 4,855,290 

Issued: August 8, 1989 

To: Abraham Fisher, Ishai Karton, 

Eliahu Heldman, Aharon Levy and 
Yona Grunfeld 

For: DERIVATIVES OF QUINUCLIDINE 




March 9, 2000 



APPLICATION FOR EXTENSION OF PATENT TERM 
UNDER 35 U.S.C. §156 

RECEIVE 



Hon. Commissioner of Patents & Trademarks ft onnn 

Washington, D.C. 20231 APR » 9 iWi 

Q ir . OFRUfc Or r i- ^ 

Sir DEPUTY A/C PATENTS 

The state of Israel, represented by the Prime Minister's Office, Israel Institute for 
Biological Research, having its principal office in Ness-Ziona, Israel (hereinafter 
"Applicant") is the owner of the entire interest in and to Letters Patent of U.S. Patent 
No. 4,855,290 (hereinafter "the Patent") granted to Abraham Fisher, Ishai Karton, 
Eliahu Heldman, Aharon Levy and Yona Grunfeld for DERIVATIVES OF 
QUINUCLIDINE by reason of an assignment to Applicant recorded in the United States 
Patent and Trademark Office on April 18, 1986, at Reel 4541, Frame 0129. 

Applicant, through the undersigned counsel, hereby applies for a 3.10 year 
(1 ,133 days) extension of the term of United States Patent No. 4,855,290 under 35 
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USC 156 on the basis of the following information submitted in accordance with the 
provisions of Title 37 CFR § 1.740(a)(1)-(17), set forth in the sequence of those 
subparagraphs. Filed herewith is a Power of Authority authorizing the undersigned to 
file and prosecute this Application for Extension of Patent Term, and to transact all 
business in relation thereto. 



period before the U.S. Food and Drug Administration (FDA) of Applicant's approved 
product, "EVOXAC (cevimeline HCI) Capsules", a pharmaceutical formulation of 
cevimeline. Cevimeline is the active ingredient of the approved product. Cevimeline is 
cis-2-methylspiro(1-azabicyclo (2,2,2) octane - 3, 5' -(1,3) oxathiolane) hydrochloride, 
hydrate (2:1), as described in the approved package insert, EXHIBIT 1 (containing both 
published and unpublished copies), and is the methylspiro(1,3-oxathiolane-5',3) 
quinuclidine, claimed in the present patent. Cevimeline has an empirical formula of 
C 10 H 17 NOS.HCL1/2H 2 O and the following structural formula: 



Cevimeline is indicated for the treatment of symptoms of dry mouth in patients with 
Sjogren's Syndrome, as is more particularly described in the package insert attached 
hereto as EXHIBIT 1. 



(1) This application for extension his based upon the regulatory review 
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* 

(2) The approved product was subject to regulatory review under 
Section 505(b) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. §355). 

(3) The approved product, EVOXAC Capsules, received permission for 
commercial marketing or use after a regulatory review period under Section 505(b) of 
the Federal Food, Drug and Cosmetic Act (21 U.S.C. §355) on January 11, 2000. 

(4) The active ingredient in the approved product, EVOXAC Capsules, 
is cevimeline HCI. To the best of Applicant's knowledge, the permission for the 
commercial marketing or use of this product after such regulatory review period is the 
first permitted commercial marketing or use of such product under the Federal Food, 
Drug and Cosmetic Act and it has hot been previously approved for commercial 
marketing or use under the Federal Food, Drug, and Cosmetic Act, the Public Health 
Service Act, or the Virus-Serum-Toxin Act. 

(5) This application for extension of patent term under 37 C.F.R. 

§1 .720(f) is being submitted within the permitted 60 day period, which period will expire 
on Saturday, March 1 1, 2000. 

(6) The patent for which an extension is being sought is as follows: 
U.S. Patent No. 4,855,290 
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Issued: 



August 8, 1989 



Expires: 



August 8, 2006 



Inventors: 



Abraham Fisher, Ishai Karton, Eliahu Heldman, Aharon Levy 



and Yona Grunfeld 



For: 



DERIVATIVES OF QUINUCLIDINE 



(7) A copy of the patent for which an extension is being sought, 



including the entire specification and claims, is attached as EXHIBIT 2. 

(8) There is no disclaimer, certificate of correction or reexamination 
certificate in the subject patent. Maintenance fee payments have been properly made 
to-date, as indicated on the receipt of maintenance fee payment, attached hereto as 
EXHIBIT 3. 

Applicant is the owner of all right, title and interest in seven additional patents 
relating to the approved product: 

U.S. Patent No. 4,876,260, directed to "Oxathiolanes"; 

U.S. Patent No. 4,981,858, directed to "Optical Isomers"; 

U.S. Patent No. 5,053,412, directed to "Spiro Nitrogen Bridged 
Heterocyclic Compounds"; 

U.S. Patent No. 5,106,831, directed to "Pharmaceutical Composition 
Comprising A Spiro Oxathiolon/Quinuclidine And Method Of Treating Senile 
Dementia"; 



4 



FISHER et al. - U.S. Patent No. 4,855,290 

U.S. Patent No. 5,407,938, directed to "Certain 1-Methyl-Piperidine-4- 
Spiro-4'-(1\3'-Oxazolines) And Corresponding -(1\3' Thiazolines) 

U.S. Patent No. 5,534,520, directed to "Spiro Compounds Containing 
Five-Membered Rings"; and 

U.S. Patent No. 5,852,029, directed to "Aza Spiro Compounds Acting On 
The Cholinergic System with Muscarinic Agonist Activity". 



claims the approved product, cevimeline HCI, or a method of using the approved 
product. Cevimeline is the active ingredient of the approved product. Cevimeline is cis- 
2'-methylspiro(1-azabicyclo (2,2,2) octane - 3, 5' -(1,3) oxathiolane) hydrochloride, 
hydrate (2:1), as described in the approved package insert, EXHIBIT 1, and is the 
methylspiro(1,3-oxathiolane-5\3) quinuclidine hydrochloride, claimed in the present 
patent. The following is a list of each applicable patent claim and a showing which 
demonstrates the manner in which each applicable patent claim reads on the approved 
product or method of using the approved product. 

Claim 1 . A compound of the formula (I) 



(9) U.S. Patent No. 4,855,290, for which this extension is sought, 
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and geometrical isomers, enantiomers, diastereoisomers, racemetes and/or acid 
addition salts thereof, wherein R 1 is selected from the group consisting of hydrogen, 
lower alkyl, cyclopentyl, cyclohexyl, phenyl, diphenylmethylol and lower alkyl which is 
substituted by one or two phenyl groups and R is selected from the group consisting of 
lower alkyl, cyclopentyl, cyclohexyl, phenyl, diphenylmethylol and lower alkyl which is 
substituted by one or two phenyl groups. 

Claim 1 reads on quinuclidine derivatives which includes the active ingredient of 
the approved product, i.e., cevimeline. 

Claim 2. A compound according to claim 1 , wherein R 1 is hydrogen, and R 2 is 
selected from the group consisting of lower alkyl, cyclopentyl, cyclohexyl, phenyl, 
diphenylmethylol and lower alkyl which is substituted by one or two phenyl groups. 

Claim 2 reads on methylspiro(1,3-oxathiolane-5\3) quinuclidine hydrochloride, 
which is the active ingredient of the approved product, i.e., cevimeline. 

Claim 5. A compound according to claim 2, wherein R 1 is hydrogen and R 2 is 
methyl. 
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t 

Claim 5 reads on a derivative of methylspiro(1,3-oxathiolane-5\3) quinuclidine 
hydrochloride, which is the active ingredient of the approved product. 

Claim 12, The geometrical isomer of the compound according to claim 5, the 
hydrochloric acid salt of which has the relatively lower melting-point (the cis-isomer). 

Claim 12 reads on an isomer of a derivative of methylspiro(1,3-oxathiolane-5\3) 
quinuclidine hydrochloride, which is the active ingredient of the approved product. 

Claim 14. The hydrochloric acid salt of the compound according to claim 5. 

Claim 14 reads on a salt of a derivative of methylspiro(1 ,3-oxathiolane-5',3) 
quinuclidine hydrochloride, which is the salt of the active ingredient of the approved 
product. 

Claim 15, The relatively lower melting-point geometrical isomer (the cis-isomer) 
of the compound according to claim 14. 
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ii 

Claim 14 reads on a salt of the cis-isomer of a derivative of methylspiro(1 ,3- 
oxathiolane-5',3) quinuclidine hydrochloride, which is the salt of the active ingredient of 
the approved product. 

Claim 17. A pharmaceutical composition comprising a compound of formula (I) 
according to claim 1 , or a pharmaceutically compatible acid addition salt thereof, 
together with an inert carrier or diluent. 

Claim 17 reads on a pharmaceutical composition of the quinuclidine derivatives 
which includes the active ingredient of the approved product, i.e., cevimeline. 

Claim 18. A pharmaceutical composition according to claim 17, which is in a 
form suitable for oral, rectal or parenteral administration, or for administration by 
insufflation. 

Claim 18 reads on a pharmaceutical composition of the quinuclidine derivatives 
which includes the active ingredient of the approved product, i.e., cevimeline and is 
suitable for oral, rectal or parenteral administration, or for administration by insufflation. 
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Claim 20. A pharmaceutical composition according to claim 17, which is in unit 
dosage form. 

Claim 20 reads on a pharmaceutical composition of the quinuclidine derivatives 
which includes the active ingredient of the approved product, i.e., cevimeline and is in 
unit dosage form. 

Claim 23, A pharmaceutical composition according to claim 17, wherein the 
compound of formula (I) is that in which R is hydrogen, and R 2 is selected from the 
group consisting of methyl and ethyl. 

Claim 23 reads on a pharmaceutical composition comprising additional 
quinuclidine derivatives which includes the active ingredient of the approved product, 
i.e., cevimeline. 

Claim 24. A pharmaceutical composition according to claim 17, wherein the 
compound of formula (I) is that defined in claim 12. 

Claim 24 reads on an additional isomer of a derivative of methylspiro(1 ,3- 
oxathiolane-5\3) quinuclidine hydrochloride, which is the active ingredient of the 
approved product. 

9 
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Claim 33. A method for treating diseases due to a deficiency in the central 
cholinergic system in mammals, comprising administering to the mammal a compound 
according to claim 2, wherein R 1 is hydrogen and R 2 is methyl, or geometrical isomers, 
enantiomers, racemates or acid addition salts thereof. 

Claim 33 reads on a method of treating diseases by administering 
methylspiro(1,3<>xathiolane-5\3) quinuclidine hydrochloride, which is the active 
ingredient of the approved product, i.e., cevimeline. 

Claim 34. A method for treating diseases due to a deficiency in the central 
cholinergic system in mammals, comprising administering to the mammal a 
pharmaceutical composition containing a compound according to claim 2, wherein R 1 is 
hydrogen and R 2 is methyl, or geometrical isomers, enantiomers, racemates or acid 
addition salts thereof, together with an inert carrier or diluent. 

Claim 34 reads on a method of treating diseases by administering 
methylspiro(1,3-oxathiolane-5\3) quinuclidine hydrochloride, which is the active 
ingredient of the approved product, i.e., cevimeline, or derivatives, geometrical isomers, 
enantiomers, racemates or acid addition salts thereof, together with an inert carrier or 
diluent. 
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Claim 51. A pharmaceutical composition in unit dosage form comprising a 
compound of formula (I) according to claim 1 , or a pharmaceutical^ compatible acid 
addition salt thereof, in an amount ranging from about 0.5 to about 500 mg., together 
with an inert carrier or diluent. 

Claim 51 reads on a pharmaceutical composition in unit dosage form comprising 
quinuclidine derivatives which includes the active ingredient of the approved product, 
i.e., cevimeline. 

Claim 52. A pharmaceutical composition according to claim 51 comprising the 
said compound, or a pharmaceutical^ compatible acid addition salt thereof, in an 
amount in the range of about 5 to about 100 mg. 

Claim 52 reads on a pharmaceutical composition in unit dosage form comprising 
quinuclidine derivatives which includes the active ingredient of the approved product, 
i.e., cevimeline. 

Claim 53. A pharmaceutical composition according to claim 52 comprising the 
said compound, or a pharmaceutical^ compatible acid addition salt thereof, in an 
amount in the range of about 10 to about 50 mg. 



11 



FISHER et al. - U.S. Patent No. 4,855,290 



Claim 53 reads on a pharmaceutical composition in unit dosage form comprising 
quinuclidine derivatives which includes the active ingredient of the approved product, 
i.e., cevimeline. 

Claim 55. A pharmaceutical composition according to claim 51 , wherein the 
composition is adapted for oral administration. 

Claim 55 reads on a pharmaceutical composition in unit dosage form comprising 
quinuclidine derivatives which includes the active ingredient of the approved product, 
i.e., cevimeline, wherein the composition is adapted for oral administration. 

Claim 56. A pharmaceutical composition according to claim 51 , wherein the 
composition is adapted for parenteral administration. 

Claim 56 reads on a pharmaceutical composition in unit dosage form comprising 
quinuclidine derivatives which includes the active ingredient of the approved product, 
i.e., cevimeline, wherein the composition is adapted for parenteral administration. 
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(10) The relevant dates and information pursuant to 35 U.S.C. 156(g) in 
order to enable the Secretary of Health and Human Services to determine the 
applicable regulatory review period are as follow: 



(a) Issue date of the patent: August 8, 1989 

(b) Effective date of IND application no. 47,543: 

filed (received) January 13, 1995 
effective March 17, 1995 

(c) Expiration date of the patent August 8, 2006 

(d) NDA 20-989 - submitted August 26, 1 998 

(e) NDA 20-989 - approved January 1 1 , 2000 



(1 1 ) A brief description of the significant activities undertaken by or on 
behalf of the Applicant during the applicable regulatory review period with respect to the 
approved product, and the significant dates applicable to such activities, are set forth 
below: 



January 13, 1995 
March 17, 1995 
May 19, 1995 
July 28, 1995 
August 22, 1995 



IND, Date of submission 

IND, Date of receipt 

Request for a clinical study protocol 

Response to FDA's request of May 19, 1995 

Request for CMC issues 
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December 20, 1995 


First response to FDAs request of August 22, 1995 


October 9, 1996 


End-of-phase 2 meeting 


January 2 7, 1997 


Second response to FDA's request of August 22, 1995 


May 13, 199 7 


End-of-phase 2 CMC meeting 


July 30, 1997 


CMC teleconference 


April 16, 1998 


Pre-NDA meeting 


August 26, 1998 


NDA, Date of application 


August 27, 1998 


NDA, Date of receipt 


October 15, 1998 


Tele-conference for wording of indication 


December 22, 1998 


4 Month safety update submission 


June 23, 1999 


Labeling meeting 


August 27, 1999 


NDA, Approvable letter 


September 1, 1999 


Notice of intent to file an amendment 


October 18, 1999 


Pre-meeting package submission 


November 3, 1999 


Labeling Meeting 


November 11, 1999 


Revised draft labeling submission 


November 16, 1999 


Reformatted package insert submission 


December 6, 1999 


Question for dose multiple 


December 13, 1999 


Response to FDA's question of December 6, 1999 


rioromhor 1 ^ 1 QQQ 


RomiAct fnr ratinnsilp fnr thp phannp^ in l^hplinn 


December 14, 1999 


Response to FDA's request of December 13, 1999 


December 16, 1999 


Question for labeling 


December 20, 1999 


Response to FDA's question of December 16, 1999 
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December 23, 1999 
December 28, 1999 
January 10, 2000 
January 11, 2000 
January 1 1 , 2000 



Request for five patients lob data 

Response to FDA's request of December 23, 1999 

FDA's proposal of labeling 

Response to FDA's proposal of January 10, 2000 

NDA, Approval letter 



(1 2) Applicant is of the opinion that U.S. Patent No. 4,855,290 is eligible 
for extension under 35 U.S.C. §156 because it satisfies all the requirements for such 
extension inasmuch as: 



(i) such patent claims the human drug product cevimeline HCI (35 
U.S.C. §1 56(a)); 

(ii) the term of such patent has not expired before the submission 
of this application^ U.S.C. §1 56(a)(1)); 

(iii) the term of such patent has never been extended (35 U.S.C. 
§1 56(a)(2)); 

(iv) the application for extension is submitted by the owner of 
record, through the undersigned counsel, in accordance with 
the requirements of 35 U.S.C. §1 56(d); 

(v) the approved product, "EVOXAC Capsules" or cevimeline HCI, 
has been subject to a regulatory review period before its 
commercial marketing or use (35 U.S.C. §1 56(a)(4)); 
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( vi ) the permission for commercial marketing or use of the product, 
"EVOXAC Capsules" or cevimeline HCI, after the regulatory 
review period, is the first permitted commercial marketing or 
use of the approved product under the provisions of the 
Federal Food, Drug and Cosmetic Act (21 U.S.C. §355) under 
which such regulatory review period occurred; and 

(vii ) no other patent has been extended for the same regulatory 
review period for the product "EVOXAC Capsules" or 
cevimeline HCI, (35 U.S.C. §1 56(c)(4)). 

Applicant requests an extension of the patent term of U.S. Patent No. 4,855,290 
by 3.10 years (1,133 days) from the original expiration date of August 8, 2006 to 
September 17, 2009. This period of extension is calculated according to the following 
subsections of 37 C.F.R. §1.775: 

(a) Because the Patent was in force on June 8, 1995, under 35 U.S.C. 
§1 54(c)(1), the original expiration date of the Patent is 17 years 
from date of issue, that is August 8, 2006 (the longer of: 17 years 
from date of issue, i.e., August 8, 2006 compared to 20 years from 
the application filing date, i.e., April 18, 2006). 

(b) The length of the regulatory review period was 1 ,763 days. 

(c) The regulatory review period of 1 ,763 days is calculated as the 
sum of: 



16 



FISHER et al. - 



U.S. Patent No. 4,855,290 



(1 ) The number of days in the period beginning on the date an 
exemption request under subsection (I) of section 505 or 
subsection (d) of section 507 of the Federal Food, Drug, and 
Cosmetic Act became effective for the approved product and 
ending on the date the application was initially submitted for 
such product under those sections or under section 351 of the 
Public Health Service Act; that is, the period from the effective 
IND date, March 17, 1995 to submission of the NDA, August 
26, 1997 is 1260 days, and 

(2) The number of days in the period beginning on the date the 
application was initially submitted for the approved product 
under section 351 of the Public Health Service Act, subsection 
(b) of section 505 or section 507 of the Federal Food, Drug, 
and Cosmetic Act and ending on the date such application was 
approved under such section; that is, the period from the initial 
submission of the NDA, August 26, 1998 to the approval date 
of the NDA, January 1 1 , 2000, is 503 days. 



(d) The term of the patent as extended for a human drug product is 1,133 
days as determined by: 

( l ) subtracting from the number of days in the regulatory 
review period of 1 ,763 days the following: 
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( i ) None of the periods of paragraphs (c)(1 ) and (c)(2) 
were on and before the date on which the patent 
issued (August 8, 1989), so this paragraph is not 
applicable; 

(ii) The Applicant acted with due diligence in the periods 
of paragraphs(c)(1) and (c)(2), so this paragraph is 
not applicable; 

(iii) One half the number of days remaining in the period 
defined by paragraph (c)(1) of this section after that 
period is reduced in accordance with paragraphs 
(d)(1)(l) and (ii) of this section, is 630 days; 

(2) The number of days in paragraph (d)(1) is 1,133 days and 
thus the original term of the Patent plus 1,133 days is 
September 17, 2009; 

( 3 ) Adding 1 4 years to the date of approval of the NDA (January 
1 1 , 2000) results in a date of January 1 1 , 2014; 

(4 ) The earlier of the dates calculated under paragraphs (d)(2) 
and (d)(3) is September 17, 2009; 

( 5 ) The original patent was issued after September 24, 1 984. 
Adding 5 years to the original expiration date of the patent, 
August 8, 2006, is August 8, 201 1 . The date of paragraph 
(d)(4) September 17, 2009 is earlier than the August 8, 2011 
date and the September 17, 2009 date is thus selected; 

18 



FISHER et al. - U.S. Patent No. 4,855,290 

i 

i 

' i 

( 6 ) The original patent was issued after September 24, 1 984 
and thus this section does not apply. 

The extended patent term is thus calculated to expire on September 17, 2009. 

(13) Applicant, through its undersigned counsel, acknowledges a duty to 
disclose to the Commissioner of Patents and Trademarks and the Secretary of Health 
and Human Services any information which is material to the determination of 
entitlement to extension sought, in accordance with 37 C.F.R.§1.765. 

(14) A check in the amount of $1,120, payable to the Commissioner of 
Patents and Trademarks is attached to cover the fee prescribed by 37 C.F.R.§1 .20(j)(1) 
for receiving and acting upon this application for extension. The Commissioner is 
hereby authorized to charge any deficiency, or credit any surplus, in the amount 
indicated above relative to the required fee to our Account No. 03-3975, Order No. 
11453/224557. 

(15) Please send all inquiries and correspondence relating to this 

application for patent term extension to: 

Paul E. White, Jr. 

Pillsbury Madison & Sutro LLP 

Cushman Darby & Cushman 



19 



FISHER et al. - U.S. Patent No. 4,855,290 



Intellectual Property Group 
1 100 New York Avenue, N.W. 
Ninth floor, East Tower 
Washington, D.C. 20005-3918 



(16) Submitted herewith is a certification that these application papers are 



(17) Additionally submitted herewith is a declaration of Paul E. White, Jr. 



As patent counsel for Applicant pursuant to 37 C.F.R.§1 .740(b)(1) as authorized by the 
Power of Attorney executed by the Applicant submitted herewith. 



being submitted in duplicate. 



Respectfully submitted, 



CUSHMAN DARBY & CUSHMAN 
Intellectual Property Group of 
PILLSBURY MADISON & SUTRO, LLP 




Paul E. White, Jr. (J 
Reg. No. 32,01 1 
Tel. No.: (202)861-3651 
Fax No.: (202)861-0944 



1 1 00 New York Avenue, N.W. 
Ninth Floor, East Tower 
Washington, D.C. 20005-3918 
(202) 861-3000 
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0>*n*lJM t« *** 7 i-lHf+r** ft |I 7.3) •#!*> ll.t (M) «MlM^fM> hyi'MMnridf. hyd>Ut 

lit te*AwU ta C,»H, f M01 «CM/3M,0. iM lie *1» •tl«njl fermuk l| 




•HCI- 1/2H,0 



Cevtmiiin* tui a (notKulii ww^M of J«* 70 It »» a wMIj o el wMe cryiUftan* powdar wflrt a mailing pot** rang* erf 30ViQ 
J03*C « 4 imi^ toiuWa in alcohol and cMntolorm. tre/y toiublt to teats*, and wnntry tnsobjble in e:nti T.V pH of 1 1% 
wKrfion rtogu i«m * ft id v» mann.* 'np«»at«»M. *xlu la utroae rrKmcnydrjie, ftytuosvoroeyi Ceemosr. eno madywskinj 
clears**. 

CUMCAl rHARMACOLOGY 
Pi wmucooVu m<j 

Owmfum b * cAoDatiqic agonal which binds to imcanulc rntcjon. Mmcvlnlt igontsb in sufncwni dosigi can tncfttif 
seciciton ol eiocrinc glands, sui* it tibvaiy and cwtat gi;ntTs and Increase len« o! Iht smooth muscle in in* gaslrelnttfUnfl 
end urewry tricb 
Pftjrnuc e**nTia 

ADsorpfMA* Aitu tonunni/itien ol i •mo it 30 mo cap'ut*. awtnwMn« wu notfiy absorbed with a mi at Ume lb oeaa 
uncenlialron ol 1.3 Id 7 hour* No itiumuUlton ol lit *i drug Of ils meUboUlei wis obternd following mutllpW dot* 
jdrmnislfilon When idmmrtlarK) wllh (doiJ. (here n a dV crease In the rate of abut p Don. »Uh • tailing Twi ol I.U'Dyvftt 
and a Tim, ol l.H nouu attn a meet, the peak concanuati m b reduced 0y 17 J%. Stogie oral doses across int tunica I doea 
ranee an dose sroportiorul 

Dblributten: CBvlmtUm his ■ volume ol diatiibutlaa of tipronmatety SlAg and) ll «20% bound to human plisms p4Btt)nf , 

1h* %uQ0«ftli IHal ravimahn* H •vt«ti«v*)y bound to IHmd: > W I . lh* eeaeiD* bUdtno ttiaa at* uMknmm. 
Uh ihoDtm: Iteiymaj CVP706 and CVP1A1U sr« mpom bl* lor ttt* fmUboHaifi olewimiBju. After 34 Kauri 86.7% el Iht 
flat* was ntovmd ()*.0*i unchanged. 44.5% n cb aid iins-suejmrfda, 77.3% of Pit Don ai ojcturenie acid conjugate and 
4% of (hi das* i* H-ftildi of civtmeUnc) Atwrownal*r» 6% of the btnt-suitoaUi melibotOt h Ihen cenvo/tod Into Iht 
coinspoMHrtg p'uairooa: attdtonkjgin and tlnntaain). CuvtrnaHmdld not hVttbn cvlochromt P430 borrincs 1A2. ?Aft. 2CI, 
;CI9. ?0«. ?H, arwl 3A4 

f xtfaUon: Tn* m»an hiti-wia of ctvfnt nne is j.m Dours Aflcr 24 Itoira, el a 30 mg 6om ol cevimetinr was excreted 

in urint Alter arvan diyv 97% ol the do» wu recovtid In irta urina and 0.5% wta racovertd In the faces. 

S&ftul roputilionv TAe fflecu of rtnai Im^uirfneAl. /iep;»c bnpalmigrU. or ithfikJry on lha DAafmacofctiieiici ol (avemanrn 

rtavt not bt*n inwtsiionto- 

etniaiStuam 

Cc/irncttnc has ecsn ihtmn to improve \he symplonu of d > mouto to paHenta wfth Sjdgron'i Syndrome. 
A 6-wcefc. rantjomtied. dovble feflnd. pl*«bD-cofl^otHd Uv-Jy wn «afld«cttdM 7£patlanJ9 (10 mm. (5 woman) wMt Vnwas 
ase ol SI fi yiin (riMt Tna racial dalrfbotton Ml Cauuilw 92%, BUti 1% and other 7%. Tna littcb of certntfrw 

al 30 «no lid (SO moAlay) and 60 mt> Hd (tto mo/day) • itt compmd to ttett of ptauoo. Panama wtre avaiuaiod ty r 
mtaiutt uned oiobai tmprovemmi. wtirch b doftned u a rttoonM ot "otll&r* to ma ctucsnan, *Picasa rati ma mtnSl 
coboiDoa o< your ory moutn now compaiao wnn now you Ml Mfott surtmp. utarmiru tn this itufly." Patanti use bad ina 
od«Wi oi latrotno 'wona' Of 'no cnanoe' » invin benntpm pi ream of mt pa I ten is in int 3c mc no croup reppnad • 
0*op*i tmprovimani tn inoit dry mouth tympipmi compare I lo 35% ctf tM-patbanTk to lha placabo p«oup. This dif las erica am 
aUtuttcHry aignlliuni at p«0.00*3. Thsre was no tvtdenot thaJ paltnli tn Ihi 00 mg Wd o r oup had bctiti yloaai avatualhni 
uot t % than Utc patienu «> irta d0 mo fid prows. 

A IJ-wtik, ijitdomlzed. doubte-bflnd. pfacibo-conlrolled r.tutfy «a» conductsd In 197 patients (10 men. 187 wamtn) wilh a 
mtan aoe o> 51.5 yt*r» (rartflt 33-74). The racial dltlrtbvl on wa» Caucasian 8MV Black 3%, and elhir fi.6%. Th| inicla 
oi crvunenne ai is mg ua (<S moyciy) ino 30 rid no (90 n o/day) win umpartd id mom of placebo, sun&iicaiiy sicnJUcajii 
oioOal imp/ovaamnt in Ihe cympio<i«i ol dry mouth (p*atX»*) wat mn for IN 30 mg lid group cempnad lo p!»c«bo, pui'ftol 
tot tr»a 1 b mg group cempano to piatabo. Saitwary tow ti-owad taUtHeaay atsnfrieaM taerauai al boin dons of c*4mftiirta 
durtno nv alwdy comoarad lo Diiee&o. 

A sixond 17-wtee. nndomUcd. doublc-bltnd. piattbo-wfrmfiffl itudywas untfucted In ?17 MUmla pi man 701 women) 
*i!K a main ago ol S5 3 ynn (range J4-7S) Th* racial d>.rtrtbob«o waa Cavcosum M.J V Gbcfc 1.0% and elAv 0.4 % Tht 
• iiteuofcavimafiMai 15 n»g ltd (45 mg/day) and 30 mg fi * <»0 rrtgnjay) wort compjftd H Ihosi of pticabo. Mo auiajftoalt* 
itontricant diflitfncn wan natto tn tne pawni plohal avatt aitons. Hovmr, tbaro ajas a htonar piactoo rripomo *a\a as mta 
tiudy cotnpartd to th* aforamtniromd siuo>a. Tha 30 mg Ud oroisp showao a fialialicaAy slgnlhcani Jneraua in aaitvaiy flow - 
Ncn 0t+-4a%m la po«tibis« comoarad lo nUrabo (pwO.001 *). 
INDICATIONS AND USAOI 

Cewrneknt 4 tnottcjiad for lha uaaimeni oi symsiona of a> y mourn tn paKants wfin StOo/en s Synovoma. 
COMTRAIN0ICAT10NS 

Cr*v^mntint is conUalndcated In patienh wtth unconlrolled :isihma, i*own hypiritniaivily lo cavtmaSna irrd whan miosis b 

iKtOKtiraew. «.o.. tn acuta imit and *n naircw-anpia fanoia^r.ioiuray-Biaacsma. 

WARNINCS 

Cdnftfvasrufa/ frsesse 

Crwmrtint can poiantiaiiy anar rardiac conduction and/or man »ai*. Paiaaars wnn gignmcaM cardiowascgiar ditaan mry 
potentially oe unifitc id tompwiMifl lot iftmicni changci tn hemadyrumlu oi rtrylrvit Inductd by evoXAC*** n/rjiAC™ 
snoma tM una wim nuum and untfar etase maiual tuotrv tton tn oaiiams wtm a luctery oi ca/dtovaseuu/ dixeaxa midfnead 
0y aia^ina pcclotb or myocardial inrlarctlDn. 

Putmoiury Disetic: 

Cevme un* can pott mtany intraas* airway resisiarco. oron :hiai IWDOB) mvtCM tone, and bronchial seer aitons CavantUna 
tlwuit) bt admintitend with caution and mih etoi* madtesf twfunrtitofl lo paUaott w«n conitofltd asthma enmnic broiciwaa. 
<u tnronic nhxliuctwe ptiimonsry dneaie. 

Omar. 

0oh|i»aimit lormoiaitoni pf mvKarinic aoonhifs havo been ttpofiatf to cam* vteuaf blurring wMcti may raaull In dccraaiad 

wuai acuify. noatijlry al nioM and b> piKmU wBh ccnliaf hnt cfUngta. aad to causa bnpaJrmani ot eaoth ptrctptfon 

Caution ahouid be advned while driving ai n*gh1 ot ptrformtng runsdoua acfhrlllea to reduced rtghtlng. 

PRICAITTIONS 

CanarjJt 

>Mfnfimf lotidry i« enaractartjcd by an **agg«/«tion of is par»tytnD«m»n»mjue alitns. Trwsa may inrtjdr naadpeva 
*s«oi difiavbanca. laxtlmalien. awaalmg. roaoiralaiy dstma. fattrecnaMifakal apaun. nautaa, womiUag dUfthu* 
iir«wcntncular btou. tachycardia, bradycardia, nyootonttor. hyptrtanaton. ihock. mantalconnnion. cardac arrtiythmti. and 
remon. 



;<*mdroff ahouid 6* »oWni»l«r»d with caution lo pa Dents with a hbtory ©I naprVoWhkab or choad»hlwu. Confacftora of 
he oaQofadder or biliary smooth musda cauld prtclptaU compiealiom such as cholacraiais, chstanalrit and bOarv 
mtiruction An tocraate m the vr«ural smooth musdi u na coiak* Irujertficaly pracUtott Mna* totk cr wialsnti ralkn to 
niianii wfth na#hfobth«aaia. 

nlormallM loi Pitlinu: Palttnls shguU be totoimtd (hat ctvinnBw may ca»i visual dlihjrbincn espactaGv al ntoM thai 
•auifl impair tnab abfDfy to dt*v« taitly. • 

I j tJliani swuts txcatslvVy wNIs IsWng ctvJmtnns, defiytfrjOon miy danlop. Tna pa U ant should drmV avtn witsf and 
jjoiufl a faeallh cm pfpvider. 



(km mtftttmm- ' 

OatjTtfflfu t>«erid Pa admfnuurad with cauUon to piltitUi t iking blU Sannsrotc snU gonbri. tjactusi ef lha pwMffy ty 
otaw^ttoncteirTtancaBi (kuf^at1ihpjfisyn«utfhoffirnate 

to Am ajddffivr-arActs. Cawtmartoa f**c*t tntartaro wAb da«k«nla anllrnwanaTttBte aflacli oi dnaaa «aad cwncawnhawih 
prwi w.'vxh htfJbftCYTTW and CTP3A3/4 abfl t^lbn ma paalaboltw of crvtmaaVw. CtvamaPna stoMK bo otd w*m «av%or 
tok^faAhjaJabir^v/napa^ I* I Wane* 

mi ei adv*rw> #v*atK In an ai *«• Kudy, ii/tajaeaawii P4M laoryiwaa (A3, 3AC. SCO. 3C1D. lpa. aA(. t»4 mm* mm 
toMbaod by opeffuaa to owaniBn*. 
r^qinoiiinai b L itaajpajraiia tna tmpymuni or fmrntf. 

LUallmi c a r vt ma j w aO l y Sudtos wt conavcaod «n O f, mtu «jad A lUtutloaty aiwdncatit bnraaw* to ma 

tn^nnojatfBfacwanfai^ rati Ihil rtxo>«dUl cavaoaflna ai a cWgt pf tOUaaVWUy 

(sjagrotJuurjfy 0 finaa IhcnunDmym human cxpoaura based on companion of AUC data). No aJha* stojnaftcant dtrttranaau tn 
. kiopr tettoncj mf% obaanajg In tflhar mice or ntsv 
Ca^dmtJIna axhlbJtaal oo awtdan^a ol rmMjg«r><ty orrlaaloganlcBy in a bansry of ausys ihai intajdoa an Amca taai. an M am* 
aSaa nnaam a) tbatmLcm tjj£fy id mjarnma*** ctAt. a movaa lymphoma rtod> In 15171V caUs, or a mlcrcmucAiu* aa>aa> 
coftfluctftd to tdi0 to hjA ctw^p, 

Caiomoeo* d^Tcoj Waarsatj aHoct iht upmdjcibai Mrtonoanca or NrtSHy of mala l>H>»-OawjBy r«to whan a^tna^aiJewed 
tor V dayrpttor t»wotlnt and toroughoul iM oaVted ei mallno ti doanoaa «* to 49 bioAo/day fa*a*tarvnata*» I pmn in* 
mastmom racpmmasdM decs lor » M kg hoattpn toOowtog twinaatntlon o) tna data en ma ftps* * body tvrtaca a^a 
'aaikmtaa). I%n«laa thai w«ra traatad wHh crrtoattoa at doaagts ap to 45 n»oAU»ty rmm ta days prior m mat 
day jaw** of paatitton ohlbllad a ataUsUcaUy ajgrdWcanBy aaaallar fhjmbar ol towdaniallom than dad corttica animau 



Progruncy Caiagory C 

* Ctolraftni was litgcialad wfJh a reduction In IN main numb* ot tnpfajirsOons whan gfvtn to prognml Sptaoua-Otwtav ran 
|tm 14 diytpriertB«inog uwaugh day sawn at gactanon ai a doaaga ol 45 mpftg/day tapprBatoaaiaty • Unas ma moKtWri 
rtco^mendatl ooaa tor I 60 tag Human wfien compand on tna baats oi body aaoiara araa erDmaaaa). Thta adatl may ba«a 
baaa itrondani rp mattmaf tcuoetty. inara an do anaauaw ano wait-axuronaxl atudtva r> pragnam woman. Ca*trma*» *w»K 
ba dud duTtog-pragnaocy only H lha polanlUI banaflt tst&m ma pntanHaJ risa lo the ft Los. 
mrrvw Ma***: 

1t b not tnown what her Ihb drug b aacnlad to hunan mHk. bacavsa many dnaat art cacrtfad to human ndDt. aod becswa* 
el ma poUnTol loi aaripus idwsnt fpactlortt ta nursing loftnts from tVOXAC™. a dadtlan sifOUd pa made wntihar lo 

dujoenunu* ouralng-or d>conunui Ihc drug. Uhbig Into account the ImewUnea of t** #ma to lha anatliar. 
ftr^nt/Jir 

^thdy and rflacthBMass to padbiile paUants f^w oot batn tsubBsfitd. 
eprpwicttxa - 

Abhough cUoJoi studies of cavtmfBnt Includad atfbjBCta ove> tna aga el 65. lha numbers wore oot edfnc*e*i lo daie*«*M 
wtjtmtr thoy raapond eWa/enOy tfom younger t4H))adta. SpatUf can should bi aatrcnio wran *** t w*+fm uoaimaw n 
totuatad to en obsajrly peitont, conatdaftno th* greater f/eouancy ot dKnaead hapatlc. renal, ew eardtoc fonctton. ami ol 
coneemiikAl olsaaaa o* other drug that spy in th* alderty. 
ADVIMt RIACTIONS 

Cevtmrltne wa admfntttexed to 1777 pallenls dufjpg dlnJcal Mils worldwide. i^rJtrrJng Stfipftn'i palianfs and paJknls wflh 

eihar ccrtiooas. In plac*ae><entrorlad SlooraiVcludiaE In lha U.S.. 330 pallanli tacalvrd ra«lmaDn« dca*« rajt«UKI f 4 

mg ltd to 60 mg m al whem 93% were women md T% wtm man. Damooriphlc dbt/lbaHon was 90% CaucnUn, S\ 
Hb panic 3^ Bfack. and 1% of other orioln. !n 1h*ae studies. 14.6% ol petlenu dbooatuiuad tiaalmont wHh cavtaaefiAe dua 
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The loUcaring advert* events associated with muscarinic agonbm war* otoarvad In In* cimicat trials ol eavtmaline \m &|oo**ft a 
tyndfom* patlanis* 
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*na>»>e tola! mmbu cl piUtoti uooted let ma tfoto at any Brn* Ourmg the ttudy. 
The fpeVwuye^ aiiu mm m tepofted to Siogrvt's paJksU al tnoadance* of « 3% and >1%rcsRxt«piOan. 
hypertonia, ptrrphertt cdame, chesf pam. myitgia, sesn*, anofsida. eye pale, earache, dry mavtn. 
. pfvtJds. mnuear+MlB tymptoma, eye tafecucn. p^t-ep*veli«> pain, winfnstt. aua drtordar. dt; 
Ultocawn. I u n«a1 Majpbon. eUMdanfua, otitis irteeSa. ary^haajtaiout osh. aMWumanu. edemj t 
Barny, oasuoaaopfaoaai ranvi. eye ibfwrmsJUy, mkjralna. tooih tfrtordii. aptsiaab. Ibbitence. 
■ afowarabj, enamta. AypewithaaJa, eysitos. t*c cramps, abantt. arucUllon, moniBasb. tafpaaUon. tocrtaiirj imytesa 
aara phl halml*. aC««w)e raaeDan. 



hjecuo. hyfMrreftatia. 
otawl enlifoavtien). 



The loHowfee mnti «tn igporUi rarely »n baatad 3r&flr*o* pfc U aA ft <<1%): Cavsal raMion Is unknown: 
J*t> <i J MO** Of*o##pri; wmltd aJbrgjy, vnwitii r rant pita. MBnal crying. RtmtlomA, tog pin. Mm, pnrewaJ 
fdtma. aclhvtatf pain Mum*. paDor, ehanfad saopoon tmpaajtsm, wttghj aJotraj«ao, Mlgfti Ineruia. cftetong. noun 
rttmi. syncopa. makbc, face octerTU. swb*hwnai dint pat 

tjrrfiraiefthw Oifcftvr abnemaJ tCO. boon dbordti win nsonno*. ayjgrawftad hypimnstoi. hypoiirns-r.. srrtifthmb. 
taUa*yt»oaai. I «ow hmiM. t»*vurta. lap itom Wik m u taJ a ytwtfb . a*olna pactork fMvourdil InUiclion. ptricvdUl. 

* otUilrfm. mn. dvi timn-boiftaobUb. vaaevtar disordo'. tucWRh. 

Dli*iH*t Olrtrtm: ►p»a-dcil«». henmd appftna, i* train* certfe, tftvwOcVOUs, duodanllb. dytprtigU. •ntarooottb, 
f »«tr« w*>»», tattrtw, o**tr-»f«*rtUa. f^tt-ear<l«ctaftjt harwrbnfa. pbapMlla, glnatlUe. raeUim Jtama/ifuoa. hatnorrWdX 
iffiueu MM tymromt. maiana, rrocoittj. atMpftaotaT svtourt. raphapiUi. oni tMrnonraaa. tm*K ufcai. 
partodeniai flKinidion. rtcu) dhordtr. itanuUitf. tmajnus. loncus dttealoritlon. tongui dlicalR atocQpftfc range* 
lonout Mtanftm. flantal tartes 

Mtvktg *wm wd |lacocortie©M». goJtai. hyv Clhyroadra* 

ft««aral0f/f Olnffn: atircmboqrtcptnb porpura. Ihrvfrtracyfoari*. ibrorntitxylopanU, Hynocrtrcmk antral*. aotJnophlla. 
ywiiwyi Byi i4<. Wwoop^tU. ta«fcocri»te. ajma * : d«<M>pi*fay, »yw»had»*»iarNy 

I/Mr «*d Jfli*ry fptojB Dftutwn: cttoiMmiiui. mcr-iutc gammj-gtuumyi .iranxftnsi, lacmuo hipaile •ntymts > 
UBOimai fttpjoc (unction, virji etpimu. mciitu stntm fltutwutt siakucttic tran&amtnasa (SGOTHrto um 
AST-itpinaie wmnainiurnutl. tnereaiad nmm ohjiamaia aawta innuMniN (5G»T)f*bo taBa* AjT tAanana 
amtnatfafaUarasa) 

murtotu *** NiMHttw) Dttofftn; Oihyttrjlofi. dtabsl is mHBut. tqrpifulnfflb. hyparcftoksterolimla rryptr-r/ctfMiL, 
hypcrtlpxnlt. hypcf1rieVcttKkm<a. riyptmi>«,anda. bypogr) 'wnk hypofcabrnb. hypon»*-»roU. thiral 

M«scvi«fft«#rfj| ffl/rerafvrs: arthritis, aggravated arth/Cr . arfnropairry. (tmanl hud avauobr necrosis. bona dbordif. 
bursius. covaertDMntu. punui uixtttv muxoi wnknn«. osttomytmii. osteoporosis, synovtU). landMUi. UnnyncMtts 
ktntn mi: btsal ull carcinofna. aQtwmaut uidnoaia 

Henroi* Olttlirt: ovpa> rumtd syntfreme. wmti »b normal coarolnalbA, dyiasthtsla. tfytkWtb. tfytahanla. anr»ol«d 
actoroab, t*»wk*nU»y miactt ce^ncUonat Manl;i%i. w>a>»aja»>y,.a«r— tfc— la, m^t*ch tfkof«t/, aflUiton. to«*rwalM, 
oat«rtonil)?*1ipA. igort%al»d otnmaion, •bnermjl tfruttina. UftoUofttl Irtlliy. nuntc rticDon, parenlrta. somrtoftnea. 
abeennai ihMkktg. Aypohlnaftla. naJuciniuan 

Mlstaliwnmtt Ciurg&nc Wl lood eotaonino. but sin*a. jofnl dUfacpUpn. poai-op inUm awmwrtu«« 

AttHUnt Mttt>$mUiB OlfiWm: csJMKb>, harpM slfiptaa. eatpn tottv, batlarfei mitcttan, una) mikuod, ganarai 

tnofttvwtt. taptu 

tatpititmry Oli»r*Mn; a$rhma. bronchos pasm. thmnk cbHf ucBvt airway tfbuat. dyssnu. hafaosryab. leryrglUx nasi 

ufecr. parural Btlmkm. ginnsy. pulmonary congoUon. put-Mnary-ftcnhi- mpifHory diaortfr 
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[57] ABSTRACT 

Quinuclidine derivatives having the general formula (I) 



o — z 
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and geometrical isomers, enantiomers, diastereoiso- 
mers, racemates and/or acid addition salts thereof, 
wherein Z represents the group >CR*R 2 or two hydro- 
gen atoms; and R l and R 2 , which may be identical or 
different, are each alkyl, cyclopentyl, cyclohexyl, aryl, 
or diarylmethylol, or alkyl which is substituted by one 
or more aryl groups, or one of R l and R 2 may be hydro- 
gen. 
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FIG. 18 
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efficacy of treatment with the above-mentioned agents; 
DERIVATIVES OF QUINUCLIDINE this is due mainly to unwanted side-effects, narrow 

therapeutic window, or lack of therapeutic efficacy. 
FIELD OF THE INVENTION There is an urgent need for drugs which are effective 

The present invention relates to novel spiro(l,3-oxa- 5 in the treatment of SDAT. Progress in this area has 
thiolane-5 ( 30quinuclidines and a novel hydroxymercap- been hindered by the lack of adequate animal models 
tomethylquinuclidine; processes for preparing the novel that can mimic directly the cholinergic abnormality 
compounds; pharmaceutical compositions containing implicated in SDAT, and by a dearth of long-acting 
the spiro-compounds; and a method for treating diseases central cholinergic agonists which can discriminate 
of the central nervous system using such spiro-com- 10 among subclasses of receptors, and primarily activate 
pounds or pharmaceutical compositions. those that are involved in cognitive functions. Most 

BACKGROUND OF THE INVENTION kn ? w ? C ™™ T & TT? > h , ave 

undesirable side-effects. A long-lasting, centrally active 

U.S. Pat. No. 4,083,985 describes a range of fused- cholinomimetic drug without peripheral side effects 

ring quinuclidines which are described as psychomotor 15 would therefore be most useful. The R & D of such 

stimulators, and which may be regarded structurally as a^gs would require their evaluation in suitable animals 

a quinuclidine nucleus fused to a cyciohexanone, cy- models for SDAT. 

clohexenone or delta-lactone moiety. These compounds In lhis con text, we have recently developed a selec- 

are stated to be useful for treating (inter alia) Parkin- tive p reS ynaptic cholinergic neurotoxin, ethylcholine 

sons Disease and depression, and evidently possess 20 aziridinium ion (AF64A)f which on int racerebroven- 

antichohnergic activity. There is no indication in this tricular injection in rats mduces persistent cholinergic 

Patent that any of these compounds possess cholinergic hypofunct i on that mimics the cor £ cal and hippocampal 

aC ul y pat.No.^ cholinergic deficiency and the cognitive impairments 

^Quinuclidines which may have one or two alkyl 25 reported in SDAT This animal model could be ex- 

and/or aryl substituents in the 2-position of the dioxo- treme }y » ^^Ptng novel treatment ap- 

lane ring. The Patent specifically describes the mono- Peaches for SDAT. (Fisher et al in Behavoml Models 

methyl, dimethyl and diphenyl compounds. The mono- the Analysis of Drug Action, eds. Spiegelstein and 

methyl compound is shown to have cholinergic activity Els* vier » Amsterdam, 1983, p. 333; Fisher and 

and the diphenyl compound to have anticholinergic 30 Hanin, Ann. Rev. Pharmacol. Toxicol., 26: 161-81 

activity. The nature of the pharmacological activity (1986). 

exhibited by the other compounds embraced by this The availability of centrally active muscarinic com- 

Patent is not described therein. pounds which have long acting central cholinergic 

A chronic deficiency in vivo in central cholinergic activity without significant peripheral adverse side-ef- 

function, that is to say in the function of acetylcholine as 35 fects capable of reversing cognitive impairments in- 

a neurotransmitter, has been implicated in a variety of duced by AF64A in rats, could be extremely useful in 

neurologic and psychiatric disorders, including senile treating SDAT and the above-mentioned related dis- 

dementia of Alzheimer's type(SD AT), tardive dyskine- ease states. 

sia, Pick's disease, Huntington's chorea, Gilles de la Therapeutically active oxathiolane compounds and 
Tourette disease, Friedrich's ataxia, and Down's syn- 40 their pharmacology are relatively little known. More- 
drome. Clinical data indicate that cholinergic transmis- OV er, the literature is replete with unsuccessful attempts 
sion may have been compromised in persons affected t0 replace a particular atom or group in a pharmacologi- 
with these diseases (Fisher and Hanin, Life Sciences, 27: caUy act j ve chemical compound by a supposedly analo- 
1615, 1980). g OUS atom or group, in an attempt to improve the thera- 
Among these disorders, SDAT is the most wide- 45 peu tic profUe of the origiiial compound. Thus, in replac- 
spread neuropsychiatry disease (for reviews see m for e le m 0 xygen-atom by a sulfur atom which 
Schneck et 4 Am. J Psychiatry 139: 165, 1982 and ^ twice the atomic mass of ^ result in har . 
Coyle et al Science 219: 1 184 1983). The development terms ^ pred icted ^ ^ degr ee 
of an effective treatment for SDAT is one of the most f certainty 

SETS ^ fadD? mCdi - m 1 t0day * i"? a ^ rdatCd 50 However, we have now surprisingly discovered, and 

higher life expectancy of the older population. J* l [ »*5 spu^dioxolane^nuchdmes of U.S. Pat. 

SDAT is c^racterized morpholotfcally by an in- N °: *>™W> the oxygen atom of the dioxolane nng 

creased number of senile plaques in selected brain areas; 55 wh f h » more rem . otc from the quinuclidine nucleus is 

biochemically by a significant reduction in presynaptic "P 1 "** bv a su ! fur at the same tune the 

cholinergic markers in the same brain areas, the cortex of we substituents at the 2-posmon is extended to 

and the hippocampus in particular, and behaviorally by mclude diarylmethylol, and alkyl substituted by aryl 

a loss of cognitive functions in individual patients. ^en (0 the most active isomer of the monomethyl com- 

Since SDAT appears to be associated with brain 60 pound, while possessing a not dissimilar activity (mea- 

cholinergic hypofunction, trials have been conducted in sured by the Guinea-pig ileum induced contraction and 

which ACh precursors (choline or lecithin), acetylcho- muscarinic receptor binding tests) as compared with 

linesterase inhibitors (physostigmine or tetrahy- that of the most active isomer of the analogue disclosed 

droaminoacridine) or direct acting muscarinic agonists hi the aforementioned U.S. Patent, however exhibits 

(arecoiine) have been administered to SDAT patients 65 significantly less pronounced side-efTects (sialogenic 

because of the ability of these agents to elevate, and thus and tremorigenic activity) than the latter compound 

presumably restore cholinergic activity in the brain. To under similar conditions; and (u) the most active isomer 

date, the results have not been conclusive as to the of the monomethyl compound has interesting potential 
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for the treatment of SDAT as shown by the tests on 
animal models mentioned above. 

On the other hand, the vast majority of the other 
2-substituted members of the series containing the sulfur 
atom in place of oxygen as aforesaid, and in particular 
those members containing at least one 2-substituent 
which is alkyl having three or more carbon atoms, cy- 
clopentyl, cyclohexyl, aryl, diarylmethylol or alkyl 
substituted by aryl, have anticholinergic activity, as 
contrasted with the cholinergic activity of the mono- 
methyl compound. 

SUMMARY OF THE INVENTION 

The invention accordingly provides quinuclidine 
derivatives having the general formula (I) 



O -V-F 



10 



15 



20 



25 



and geometrical isomers, enantiomers, diastereoiso- 
mers, racemates and/or acid addition salts thereof, 
wherein R 2 , which may be identical or different, are 
each alkyl, cyclopentyl, cyclohexyl, aryl, or diarylme- 
thylol, or alkyl which is substituted by one or more aryl 
groups, or one of R l and R 2 may be hydrogen. 

In accordance with one embodiment of the invention, 
one of R l and R 2 is hydrogen, and the other of R l and 
R 2 is alkyl, cyclopentyl, cyclohexyl, aryl, or diarylme- 
thylol, or alkyl which is substituted by one or more aryl 
groups. 

In accordance with a further embodiment of the in- 
vention, one of R l and R 2 is alkyl, cyclopentyl or cyclo- 
hexyl, and the other of R 1 and R 2 is alkyl, cyclopentyl, 
cyclohexyl, aryl, or diarylmethylol, or alkyl which is 
substituted by one or more aryl groups. 

In accordance with still a further embodiment of the 
invention, one of R l and R 2 is aryl, and the other of R 1 
and R 2 is aryl or diarylmethylol, or alkyl which is sub- 
stituted by one or more aryl groups. 

The compounds of the formula (I) thus defined have 45 
central nervous system activity. These compounds may 
be named as 2,2-disubstituted spiro(l,3-oxathiolane- 
S^^uinuclidines. Non-limiting examples of such com- 
pounds are described in the following table: 



55 



30 



35 



40 



one of R 1 and R J 


(he other of R 1 and R 2 


hydrogen 


methyl (la) 


hydrogen 


ethyl 


hydrogen 


propyl 


hydrogen 


phenyl 


hydrogen 


1-pyrenepropyl 


hydrogen 


diphenylmethyl (lb) 


hydrogen 


diphenylmethylol 


methyl 


phenyl (Ic) 


ethyl 


phenyl 


cyclohexyl 


phenyl 


phenyl 


phenyl 
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The invention also includes the compound 3- 
hydroxy-3-mercaptomethylquinuclidine, from which 65 
the compounds of formula (I) may be prepared. 

As previously indicated, the invention includes the 
geometrical isomers, enantiomers, diastereoisomers, 



racemates and/or acid addition salts, of the compounds 
of formula (I). 

It will be appreciated that geometrical isomerism 
arises from the fact that in the spiro-compounds of the 
invention, R 1 for example, may be either on the same 
side of the oxathiolane ring as the nitrogen atom of the 
quinuclidine ring, or on the opposite side. If, in the 
spiro-compounds of the invention, R 1 and R 2 are identi- 
cal, then there will be a single centre of asymmetry at 
the 5,3'(spiro) carbon atom, this will also give rise to 
enantiomers and the racemaftes thereof. If, on the other 
hand, R l and R 2 in the spiro-compounds are not identi- 
cal, then there will be a further centre of asymmetry at 
the 2-position of the oxathiolane ring, thus giving rise to 
diastereoisomers and the racemates thereof, in addition 
to the geometrical isomers already mentioned. It will 
moreover be appreciated, that in the compound of the 
present invention which is 3-hydroxy-3-mercaptome- 
thylquinuclidine, there exists no possibility of geometri- 
cal isomerism; here also, however, there is a centre of 
asymmetry at the 3-position of the quinuclidine ring, 
thus giving rise to enantiomeric and racemic forms. 

The compounds of formula (I), whether as isomeric 
mixtures or compounds, or whether as individually 
isolated geometric or optical isomers, form stable addi- 
tion salts with organic or inorganic acids, as for example 
with hydrochloric acid. It will be observed that, while 
for therapeutic application such salts should be pharma- 
ceutical^ compatible, nevertheless it may be conve- 
nient, as for example for purposes .of isolation, to em- 
ploy acid addition salts which are not pharmaceutically 
compatible, and the invention relates also to the acid 
addition salts of the latter kind. As will be obvious to 
those skilled in the art, if the compounds are obtained 
e.g. as a result of isolation from their process of prepara- 
tion in the form of free bases, they may be converted to 
the acid addition salts by reaction with the appropriate 
acid, and conversely, the compounds isolated in the 
form of their acid addition salts may be converted by 
reaction with a base, such as alkali metal hydroxide, to 
the corresponding free bases. 

Geometrical isomers are generally isolated by a phys- 
ical method such as fractional crystallization (of the 
isomers per se, or of their salts), fractional distillation or 
column chromatography (using high or low pressure 
liquid chromatography techniques), while optical iso- 
mers are isolated by forming a salt mixture with an 
optically active complementary reagent (in the present 
case an optically active acid), followed by fractionation 
of the mixture, and isolation of the desired optical iso- 
mers from the salt fractions. 

In a particular embodiment, the invention provides 
the isolated geometrical isomers of the compound 
wherein one of R l and R 2 is hydrogen and the other of 
R l and R 2 is methyl(Ia). These isomers may be differen- 
tiated from each other by the fact that their salts with 
hydrochloric acid have quite distinct relatively higher 
and relatively lower melting-points. The hydrochloric 
acid salt of the mixture of geometrical isomers of com- 
pound (I&) which is isolated from the preparative pro- 
cess of the invention, as well as the hydrochloric acid 
salts of the individual geometrical isomers are also in- 
cluded within the scope of the invention. 

In accordance with the invention, the compounds of 
formula (I) are prepared by a process which comprises 
reacting 3-hydroxy-3-mercaptomethylquinuclidine 
with a carbonyl compound of formula > Rl— CO^R 2 , 
and isolating the desired product from the reaction 
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mixture. The process is desirably carried out in the -continued 
presence of an acid catalyst, such as a Lewis acid, as for reaction scheme 

example boron trifluoride, which compound may be 
conveniently used in the form of its complex with di- 
ethyl ether, otherwise known as boron trifluoride ether- 5 
ate. 

The process is also preferably carried out in presence 
of an inert organic solvent medium, as for example, 
chloroform or dichloromethane. The temperature at 

which the process of the invention is effected is not | ^ | + dmso 

critical, but it will evidently be advantageous to use as 
low a temperature as is consistent with a reasonable 
yield, in order to avoid contamination of the desired 
product with byproducts which could result from de- l5 




OH 



R' 

r 



product wun byproducts wnicn couia result irom ae- l5 \ ^-^\] 

composition and/or side reactions at higher tempera- r^^Tj H s aa. NaOH ^ f^v7\ 

tures. It is found that when conducting the process of 7 \} + 2 or solvent* ^ |^ /^J\_ SH 

the invention in presence of a catalyst such as boron n n 
trifluoride ethereate, a temperature within the range of 

about 20° to 30* C. is suitable, but higher or lower tern- 20 ^^? H 

peratures may of course be used; a reaction temperature f*^x/fv 9 boron 

of about 25' C. is preferred. In order also to avoid unde- I 7J \_ SH + R i_c_ R 2 trifluoride- 

sirable contamination due to oxidation, it is preferable n ch 2 C1j oV/and^CHCis 
to conduct the reaction in an atmosphere of inert gas 
such as nitrogen. 25 

In a particular embodiment of the invention, there- 
fore, a process for preparing the compounds of formula 
(I) comprises reacting 3-hydroxy-3-mercaptopropyl- 
quinuclidine with a carbonyl compound of formula 
ri — CO — R 2 , in an atmosphere of ntrogen, at a temper- 30 
ature in the range of about 20 s to about 30* C, prefera- 
bly at about 25* C, in the presence of boron trifluoride £ ^ aM (I) 

* , . K ,. , . - « t j (DMSO « dunethylsulfoxide) 

etherate as catalyst and m dicnlorometnane or/ and *dmso + (chloroform tnd/or toluene) 
chloroform as the solvent medium, and isolating the ^ 

desired product from the reaction mixture. The spiro-compounds of formula (I) have central 
In this particular embodiment of the process, it is nervous system activity. Thus, for example, the corn- 
preferred that the reaction ingredients are first mixed in pound (la) is a muscarinic agonist with a high specificity 
an atmosphere of nitrogen at a temperature between for the central nervous system. Due to its pharmacolog- 
about -10* and +20* C, e.g. at about 0* C. and the ^ ical properties, it can be used to activate central cholin- 
mixture thus obtained is permitted to rise to the reaction ergic functions under conditions where the cholinergic 
temperature. system is hypofunctional. It can accordingly be utilized 
The invention further provides a process for prepar- for the treatment of conditions such as senile dementia 
ing the compound of formula (I) which is 3hydroxy-3- of Alzheimer's type(SDAT), tardive dyskinesia, Pick's 
mercaptomethylqumucUdine, wherein the epoxide of 45 disease, Huntington's chorea, Gilles de la Tourette dis- 
3-methylenequinuclidine is reacted with hydrogen sul- case, Friedrich's ataxia, and Down's syndrome, because 
fide; in one alternative this reaction may be carried out all of these are disturbances in which a central choliner- 
in the presence of a base such as sodium hydroxide, & hypofunction has been implicated to some extent, 
preferably in an aqueous medium, while in another This compound appears to be of especial value for the 
alternative the reactin with hydrogen sulfide may be 50 treatment of SDAT, smce it is fT^L^'ZZ* 
effected e.g. in DMSO + (chloroform and/or toluene) memory disorders due to ^"^"^ 

as solvent medium. The epoxide may itself be prepared ■** » * sultable ^i^^SJ^ 

. . . . .... , . , . , |- ticular, the geometrical isomer of compound (la), of 

by reacting qumuchdin-3-one with dunethylsulfox- ^ JieHa salt has the relatively tower melting- 

oruum metnyuae. _ . (the cis-isomer), and which has been assigned the 

The preparative processes or re present invention, ^^^^,021* reverses memory impairments in 

including the processes by which relevant starting ma- xFtAA-tie&tcd rats as shown in a passive avoidance 

terials are prepared are illustrated in a preferred em- ^ m ^ Morris swimming Maze (see Morris, Learn- 

bodiment, m the. following reaction scheme: mg md Motivation, 12: 239-61, 1978) and in the 8- Arm 

60 Radial Maze. [The other geometrical isomer of the 

reaction scheme compound (la), of which the HC1 salt has the relatively 

™ ^ , mu dmsov higher melting-point (the trans-isomer, has been as- 

+ NtH ^ signed the code number AF102A]. In this context, 

— AF64A (3 nmol/2 jil/side, icv) induces marked cogni- 
I 65 tive impairments in a step-through passive avoidance 

CHi**s > 0 + H 2 + N»i tcstt i n Morris Swimming Maze and in the 8- Arm 

CHj Radial Maze, when the rats are analyzed four to eight 
weeks following treatment (Brandeis etal, in Alzhei- 
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mer's and Parkinson's Disease: Strategies in Research 
and Development, eds. Fisher et al. Plenum Press, N. Y. t 
in press; Fisher and Hanin, Ann. Rev. Pharmacol. Tox- 
icol, 26: 161-81 (1986). 

The beneficial affects of AF102B in the passive 5 
avoidance and Morris Swimming Maze tests occur at 
low doses (0.1-1 mg.Ag., ip or 1 mg.Ag., po) and the 
therapeutic index is 78-780 and 22 156, respectively. 
This therapeutic index is wider than that found for 
physostigmine (5-17). Moreover, the slope of the acute 10 
toxicity curve is very steep, and no overt behavioral 
effects including parasympathomimetic effects, such as 
salivation or tremors, were detected up to the lethal 
dose. In this reagard, the compound is superior to well 
known muscarinic agonists including arecoline and 15 
oxotremorine, in which such adverse side-effects com- 
plicate their possible use in SDAT therapy. In addition, 
AF102B has a long duration of action in the above-men- 
tioned memory tests. 

Interestingly, the compound is well absorbed into the 20 
blood following per os administration since its onset of 
action is short, i.e. around 10-15 minutes. This is evident 
in the following pharmacological tests: analgesia, hypo- 
thermia, and lethal dose level, induced by AF102B. 

When compared to physostigmine (0.1 mg./kg.»ip). 25 
AF102B (5 mg.Ag.,ip) is superior since it improves 
AF64A-induced memory impairments in the 8-Arm 
Radial Maze, a test in which physostigmine failed under 
the same experimental conditions. 

The lack of adverse side effects induced by Afl02B is 30 
remarkable also in analgesia tests (in mice) and hypo- 
thermia tests (in rats), two pharmacological tests em- 
ployed to evaluate central muscarinic activity. In these 
tests only high doses of the compound elicited any sig- 
nificant side effects. Such doses are at least 15-150 (i.p.) 35 
or 40 (p o.) times higher than those required to reverse 
AF 64 A-induced memory impairments in rats in the 
passive avoidance test. 

Biochemical studies revealed that AF102B is a spe- 
cific centrally active muscarinic Ml -type agonist and is 40 
the first such compound known to the inventors. This 
selectivity became evident when AF102B was evalu- 
ated in the displacement of [ 3 H]-pirenzepine, [ 3 H]-PNZ, 
(an Ml-specific antagonist) versus pH]-quiniclidinyl 
benzilate, [ 3 H]-QNB (an Ml and M2 antagonist) from 
rat brain homogenates. [Trends in Pharmacol. Sci. 
(Suppl), Jan 1984]. 

In this regard, it was found that Ml -type muscarinic 
receptors found mainly in the cortex and hippocampus 
are relatively unchanged in SDAT (Mash et al, Science 
228: 115-117, 1985). These two brain areas in SDAT 
show the most profound presynoptic cholinergic hypo- 
functions, and histological abnormalities, and are 
mainly associated with cognitive dysfunctions reported 
in SDAT. 

The specificity of AF102B to muscarinic receptors in 
general and Ml -receptors in particular, is also evident 
from lack of any significant activity on high-affinity 
choline transport (from rat brain synoptosomes) or cho- 
line acetyltranferase activity (from rat brain homoge- 60 
nates). 

The Ml-agonist type of activity of AF102B can be 
responsible at least in part for the high selectivity of 
AF102B both in vitro and in vivo (especially in reversal 
of cognitive impairments induced by AF64A). 65 

Mutagenicity studies on AF102B in vitro have re- 
vealed that the compound is not mutagenic up to high 
concentrations. These data taken together with the 
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large therapeutic index of this compound make it a 
potential drug for treatment of SDAT patients. 

In SDAT patients, AF102B can be used in combina- 
tion with anticholinesterase inhibitors such as physo- 
stigmine or tetrahydroaminoacridine; in combination 
with acetylcholine precursors such as choline or leci- 
thin; in addition to "nootropic" drugs such as pirace- 
tam, aniracetam, oxiracetam or pramiracetam; in addi- 
tion to compounds that interact with Ca 2+ channels 
such as 4-aminopyridine or 3,4-diaminopyridine; or in 
addition to peptides that can have modulatory effects 
on acetylcholine release, such as somatostatin. 

AF102B, with or without the aforementioned other 
active substances, can be administered for example, by 
way of injection in a suitable diluent or carrier, per os, 
rectally in the form of suppositories, by way of insuffla- 
tion, by infusion or transdermally in a suitable vehicle 
with or without physostigmine, for example by using 
the device which is the subject of Israel patent applica- 
tion No. 72684 (vide infra). This compound may also be 
used in disturbances where cholinergic underactivity is 
induced by drugs. 

The compound (la), in the form of either geometrical 
isomer, or a mixture of such isomers, is also of use for 
the treatment of disorders requiring the application of a 
long-lasting cholinergic agent of mild local activity. 
Such an agent is needed in disorders such as glaucoma, 
as the compound is not destroyed by the enzyme which 
deactivates acetylcholine, i.e. acetyl- and butyryl- 
cholinesterase. This compound may also be used for the 
treatment of peripheral cholinergic disorders such as 
myasthenia gravis, urinary bladder dysfunctions, Adi's 
disease and Eaton-Lambret disease. 

When in the spiro-compounds of formula (I), R 1 and- 
/or R 2 are propyl or higher alkyl groups, cyclopentyl, 
cyclohexyl, aryl, diarylmethylol, or alkyl substituted by 
aryl, the nature of the pharmacological activity of these 
compounds is changing, insofar as while they still pos- 
sess central nervous system activity, this activity is now 
becoming anticholinergic instead of cholinergic. Such 
anticholinergic compounds can be used to treat disor- 
ders due to cholinergic hyperfunction, whether this be 
spontaneous or drug-induced. These compounds may 
accordingly be used in the treatment of Parkinson's 
disease, pseudo-Parkinson's disease, mental depression 
and as adjuncts of surgery instead of (e.g.) atropine or 
scopolamine. They also be used in opthalmology when 
prolonged mydriasis is required for diagnostic and 
therapeutical purposes. 

Where the term "pharmaceutical composition" is 
used in the specification and claims, this is to be under- 
stood in the sense that it may be suitable for human 
and/or veterinary treatment. 

According to a further aspect of the invention, there- 
fore, there is provided a pharmaceutical composition 
which comprises a quinuclidine derivative of formula 
(I) or a pharmaceutically compatible acid addition salt 
thereof, together with an inert carrier or diluent. The 
term "pharmaceutically compatible acid addition salt" 
as used herein refers to a combination of said quinucli- 
dine derivative with relatively non-toxic inorganic or 
organic acids. Illustrative only of suitable acids are 
sulfuric, phosphoric, hydrochloric, hydrobromic, hy- 
driodic, sulfamic, methanesulfonic, benzenesulfonic, 
para-toluenesulfonic, acetic, lactic, succinic, maleic, 
tartaric, citric gluconic, ascorbic, benzoic and cinnamic 
acids. Suitable pharmaceutical carriers and diluents, 
which comprise both solids and liquids, may, by way of 
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example only, be selected from corn starch, lactose, tern in mammals may be used for treating diseases due to 
calcium phosphate, stearic acid, polyethylene glycol, a cholinergic hyperfunction in mammals, in which case 
water, sesame seed oil, peanut oil, propylene glycol, and the method comprises administering to the mammal the 
so forth. This composition may be in a form suitable for spiro-compound of formula (I) in which one of R 1 and 
oral, rectal or parenteral administration, or for adminis- 5 R 2 is selected from the group consisting of alkyl con- 
tration by insufflation, or in particular it may be in a taining three or more carbon atoms, cyclopentyl, cycle- 
form suitable for transdermal administration, and in any hexyl, aryl and alkyl substituted by aryl, and the other 
event the composition may be in unit dosage form. of R l and R 2 is as previously defined, as for example, 
Exemplary compositions may take the form of tablets, either of the compounds (lb) and (Ic), including the 
powder, granules, capsules, suspensions, solutions, sup- 10 geometrical isomers, enantiomers, diastereoisomers, 
positories, elixirs, ointments and the like. racemates and/or acid addition salts of such spiro-com- 

The pharmaceutical composition may contain as the pounds of formula (I); these compounds may be admm- 
spiro-compound of formula (I), for example, the com- istered in the form of pharmaceutical compositions, 
pound identified herein as (la), and in particular the which may be optionally supported for transdermal 
geometrical isomer(AF102B) of which the hydrochlo- 15 administration in the form of the device of Israel patent 
ric acid salt has the relatively lower melting-point. For application No. 72684, as has already been described 
the reasons noted hereinbefore, such a composition may hereinbefore. 

contain as a further ingredient or ingredients, one or In yet a further aspect of the present invention, the 
more compounds selected from the group consisting of method for treating diseases of the central nervous sys- 
physostigmine, tetrahydroaminoacridine, choline, leci- 20 tem may be used for treating senile dementia of Alzhei- 
thin, piracetam, aniracetam, pramiracetam, oxiracetam, mer's type in humans, in which case the method com- 
4-aminopyridine, 3,4-diaminopyridine and somatostatin. prises administering to a patient the geometrical isomer 

Alternatively, the pharmaceutical composition may of compound (la), the hydrochloric acid salt of which 
contain as the spiro-compound of formula (I), such a has the relatively lower melting-point, including the 
compound in which one of R 1 and R 2 is selected from 25 enantiomers, diasteroisomers, racemates and/or acid 
the group consisting of alkyl containing three or more addition salts of this geometrical isomer; the geometn- 
carbon atoms, cyclopentyl, cyclohexyl, aryl and alkyl cal isomer of the compound (la) may be administered in 
substituted by aryl, and the other of R l and R 2 is as the form of pharmaceutical compositions, which may 
previously defined, and in particular this compound be optionally supported for transdermal administration 
may be one of those identified herein as (lb) and (Ic). 30 in the form of the device of Israel patent application No. 

When the pharmaceutical composition is to be admin- 72684, as has already been described hereinbefore. Op- 
istered transdermally, it is preferred to utilize the drug tionally, there may be administered in general, together 
delivery system according to Israel patent application with the aforementioned geometrical isomer of the 
No. 72684, although transdermal administration in ac- compound (la), one or more compounds selected from 
cordance with the invention is not of course limited to 35 the group consisting of physostigmine, tetrahy- 
this system. Thus, there is also provided in accordance droaminoacridine, choline, lecithin, piracetam, anirace- 
with the invention, a pharmaceutical composition for tarn, pramiracetam, oxiracetam, 4-aminopyridine, 3,4- 
transdermal administration, which comprises a com- diaminopyridine and somatostatin. In the case of trans- 
pound of formula (I) or a pharmaceutical^ compatible dermal administration, however, the additional ingredi- 
acid addition salt thereof, as well as a low molecular 40 ent is preferably one or more compounds selected from 
weight fatty acid. the group consisting of physostigmine, tetrahy- 

The invention also relates to a method for treating droaminoacridine, 4-aminopyridine and 3,4- 
diseases of the central nervous system in mammals (i.e. diaminopyridine. 

in humans or in non-human mammals), which comprises For the purpose of definition, it is intended that the 
administering to the mammal a compound of formula (I) 45 expression "method for the treatment of creases of the 
or a pharmaceutically compatible acid addition salt central nervous system", and like expressions, through- 
thereof, which compound may of course be adminis- out the specification and claims, be taken to include a 
tered in the form of the pharmaceutical composition method for the prevention of drug-induced diseases of 
described hereinbefore. This method for treating dis- the central nervous system. 

eases of the central nervous system in mammals may of 50 As regards suitable dosages for the administration of 
course also be applied by using the drug delivery system the compounds of the invention, some indication has 
of the Israel Patent Application which has been de- been obtained from the biological tests, the results and 
scribed above. other details of which are recorded infra. It would at 

More specifically, the method for treating diseases of present appear that for administration per os it is un- 
the central nervous system in mammals, in accordance 55 likely that a single dosage of more than about 60 
with the present invention, may be used for treating mg f /kg. or less than about 0.1 mg.Ag. body weight 
diseases due to a deficiency in the central cholinergic would be suitable, and that a single dosage in the range 
system in mammals, in which case the method com- of about 0.5 to about 10 mg.Ag., especially in the range 
prises administering to the m«mmri the compound (la), of about 1 to about 5 mg.Ag., is to be preferred. For 
including the geometrical isomers, enantiomers, diaster- 60 parenteral administration (which includes, for example, 
eoisomers, racemates and/or acid addition salts thereof; intramuscular, intravenous and subcutaneous adminis- 
the compound (la) may be administered in the form of tration) it at present appears to be unlikely that a single 
a pharmaceutical compositions, which may be option- dosage of more than about 40 mg./kg. or less than about 
ally supported for transdermal administration in the 0.01 mgVkg. body weight would be suitable, and that a 
form of the device of Israel patent application No. 65 single dosage in the range of about 0.05 to about 5 
72684, as has already been described hereinbefore. mg.Ag., especially in the range of about 0.1 to about 2 

In another aspect of the present invention, the mg.Ag., is to be preferred. In prescribing a ^ particular 
method for treating diseases of the central nervous sys- form and rate of administration, the physician will of 
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course take into consideration the usual factors such as FIG. 19 shows average error in the RAM of AF64A- 

the severity of the symptoms,, the physical circum- and CSF-injected rats, after saline and physostigmine 

stances of the patient, and so forth. administration. 

Taking into account the usual weight ranges of pa- DETAILED DESCRIPTION OF THE 

tients, the foregoing dosage ranges, and the possiblity 5 INVENTION 

that it may be desirable to administer multiple rather , 

than single doses, pharmaceutical compositions in ac- The invention will now be described in further detail 

cordance with the invention which are adapted for oral with regard to Examples for the preparation of the 

or parenteral administration, may contain the active compounds of the invention, and biological testing of 

ingredient (and especially the compound identified 10 the spiro-compounds of the invention, 

herein by the code number AF102B), for example, in an EXAMPLE I 
amount in the range of about 0.5 to about 500 mg., 

preferably about 5 to about 100 mg., more preferably in Preparation of 

the range of about 10 to about 50 mg. 2 "7&!^ 

13 [AF102 (cis:trans); AF102A and AF102B] 



BRIEF DESCRIPTION OF THE DRAWINGS 



(a) Epoxide of 3-methylenequinuclidine. 
FIG. 1 shows the NMR(250 MHz) spectrum of 3- ^ In a 3 1. three-necked flask fitted with a mechanical 
hydroxy-3-mercaptomethylquinuclidine. stirrer and thermometer, was placed sodium hydride (42 

FIG. 2 shows the NMR(250 MHz) spectrum of cis:- 2Q g ( q.88 mole, as a 50% dispersion in oil) and 300 ml. 
trans (Ia)-HCl salt [AF102]. petroleum ether (30*-60*). The suspension was stirred, 

FIG. 3 shows the NMR(250 MHz) spectrum of the the hydride allowed to settle, the petroleum ether de- 
geometrical isomer of (Ia)-HCl salt identified as API- canted, and with stirring 1200 ml. of dry DMSO was 
02A. " added, followed by trimethyloxosulfonium iodide (214 

FIG. 4 shows the NMR(250 MHz) spectrum of the 2 5 g., 0.97 mole), which was added portionwise over a 
geometrical isomer of (Ia)-HCl salt identified as period of 15 minutes, and stirring was then continued 
AF102B. for an additional 30 minutes. The reaction flask was 

FIG. 5 depicts the structure of AF102B, as deter- equipped with a sealed pressure-compensating dropping 
mined by X-ray crystallography of its HC1 salt, showing funnel containing quinuclidin-3-one (100 g., 0.8 mole) 
that AF102B is the cis-isomer. 30 dissolved in 300 ml. dry DMSO. This solution was then 

FIG. 6 shows the IR spectrum (on Nicolet 20XB added to the reaction mixture over a 15 minute period. 
FTIR) of the geometrical isomer of (Ia)-HCl salt identi- />j ieT stirring for 15 minutes, the reaction mixture was 
fied as AF102A. heated to 50* C. for 2 hours, poured into 1 1. of cold 

FIG. 7 shows the IR spectrum of the geometrical wa ter and the mixture extracted with 3x500 ml. por- 
isomer of (Ia>HCl salt identified as AF102B. 35 tions 0 f benzene. The combined extracts were washed 

FIG. 8 shows initial and retention-test latency mea- ^th 100 ml. of saturated aqueous salt solution, dried 
sures of AF64A and CSF-injected groups, before and over anhydrous sodium sulfate, and the solvent evapo- 
after physostigmine or saline. rated. The oily residue was dissolved in ether and pre- 

FIG. 9 shows initial and retention-test latency mea- cipitated as the salt with hydrochloric acid by addition 
sures of AF64A- and CSF-injected groups, before and 40 Q f ether saturated with gaseous HC1. The epoxide prod- 
after AF102B or saline. uc t was separated by filtration, washed with ether and 
FIG. 10 shows retention-test latency measurements dried t0 gj ve 100 g. product which was sufficiently pure 
for (inter alia) AF102B in extinction trials. to use for the next step. R/0.3 on neutral alumina <ethyl 
FIG. 11 shows retention-test latency measurements acetate); =139 (mass spectra detenninations on a 
for (inter alia) AF102B in "extinction -f latent extinc- 45 VG 7035 instrument); HC1 salt has m.p. 200.7'-202° C. 
tion" trials. (ii) In an alternative synthesis that can also be scaled 
FIG. 12 shows retention-test latency measures of U p f 2.2 kg. of quinuclidin-3-one (HC1 salt) were added 
AF64A- and CSF-injected groups, after second admin- to a 5 liter flask and 2 liters of tap water were then 
istration of AF102B or saline. 50 added followed by 1 kg of NaOH. The mixture was 
FIG. 13 shows retention-test latency measures of mechanically stirred at 50* C till the solids dissolved. 
AF64A- and CSF-injected groups, after AF102B (0.1 Under these conditions 3 phases are obtained, two 
mg. Ag.» ip) or saline adniinistration. upper phases (liquids) and a lower phase (solid). 

FIG. 14 shows latency measures (sec.) of AF64A- The mixture is kept at 60* C. The upper phase is 
and CSF-injected groups, before and after AF102B (1 35 added to 1 liter of toluene. The two lower phases in- 
mg.Ag., po) or saline administration. eluding the solid phase were filtered. The solid was 

FIG. 15 shows retention test latency measures (sec.) mashed in 1 liter of toluene that was also used to mash 
of AF64A- and CSF-injected groups, before and after the water phase. The toluene phases were combined, 
AF102B (1 mg./kg., po) or safoe administration, treated with powdered charcoal to remove color (and 

FIG. 16 shows escape latency measures, in blocks of impurities), dried over MgS04 and filtered to yield 3.3 
two trials, of AF64A- and CSF-injected groups, after kg. of product inclusive of toluene; a sample of 215 g. of 
physostigmine administration. solution was evaporated to obtain 106 g. of quinuclidin- 

FIG. 17 shows escape latency measures, in blocks of 3-one (free base) as a white solid, which was sufficiently 
two trials, of AF64A- and CSF-injected groups, after pure for practical purposes. (Therefore, under these 
AF102B (1 mg.Ag.» ip) administration. 65 conditions at least a 88-90% extraction yield can be 

FIG. 18 shows average error in the 8-Arm Radial obtained). The toluene solution is dried by azeotropic 
Maze (RAM) of AF64A- and CSF-injected rats, after distillation; the dried solution can be used for the next 
AF102B (5 mg./kg., ip) administration. step. 
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. In a 3 liter three-necked flask were introduced quinu- 
clidin-3-one (193 g., 1.54 mole) in azeotropically-dried 
toluene solution (weight of solution 563 g) ( trimethyl- 
sulfoxonium iodide (380 g. f 1.72 mole) and NaH 
55-60% dispersion in paraffin oil (70 g. t 1.68 mole) and 
then the mixture was mechanically stirred. A weak 
evolution of H2 followed that ceased after 2-3 minutes. 

The reaction flask was cooled in cold water and 
DMSO (0.5 l. t dried 1 month on molecular sieves) was 
added dropwise; 100 ml. were added in one step and the 
remainder added dropwise during 1.5 hours with stir- 
ring and cooling the reaction mixture between 10* and 
30" C. The reaction mixture was then heated to 50*-55° 
C. for 1 hour till reaction was complete, as determined 
by TLC on neutral alumina (methanol :dichlorome- 
thane, 5:95). The reaction mixture was poured into 1 
liter of cold water and the mixture was extracted with 
0.5 1. portions of chloroform. In each extraction the 
interphase was removed by filtration; 2.4 liters of or- 
ganic phase were collected and dried over 160 g. of 20 
MgS04- The NMR (250 MHz) shows about 120 ml. of 
DMSO (calculation based on the ratio DMSO/Tol- 
uene). Thus, 80% of DMSO was removed by this treat- 
ment. TLC shows the product is slightly impure due to 
DMSO and other corapound(s). This solution was par- 25 
tially evaporated to 1900 ml. and kept at 0*-4* C. for 5 
days without change. This solution is sufficiently pure 
to use for the next step, 
(b) 3-hydroxy-3-mercaptomethylquinuclidine. 

(i) In" a 1 I. three-necked flask equipped with a mag- 30 
netic stirrer, an inlet and an outlet for hydrogen sulfide 
and a thermometer, were placed 80 g. NaOH and 390 
ml. water. The solution was cooled in an ice-bath and 
gaseous hydrogen sulfide was passed into the stirred 
solution until it began to bubble out. The product of 35 
step (a) (80 g., 0.46 mole) was then added, and stirring 
was continued for 15 minutes. The reaction mixture was 
heated to 45* C. for 2.5 hours under a slow stream of 
hydrogen sulfide. The solution was cooled to 0* C, and 
10N HC1 was carefully added to bring the pH to 8; the 40 
aqueous solution was then extracted with chloroform 
(6x300 ml.). The combined extracts were dried over 
anhydrous sodium sulfate and evaporated to dryness. 
The resulting solid was dried over phosphorus pentox- 
ide in a dessicator to give 32.9 g. of crude product. 
After purification (TLC, neutral alumina, 10:1 di- 
chloromethane+ methanol) R/ 0.5; M + ' (see FIG. 
5)= 173; base peak= 140; NMR (see FIG. 1) peak at 250 
MH2(CDCb) 8 2.8-Kiouble doublet, — CH 2 — SH, AB- 
type spectrum; IR Vnuuc 2900-3300 cm.- 1 (broad). The 50 
compound was used for the next step without any fur- 
ther purification. 

(ii) In an alternative method, the chloroform solution 



(i) (32 g. t 0.18 mole), 200 ml. dichloromethane (dried 
over molecular sieves) and freshly distilled acetalde- 
hyde (1 10 ml., 1.97 mole). The solution was cooled in an 
ice-bath under nitrogen gas, and boron trifluoride ether- 
ate (60 ml., 0.40 mole) was added over a period of 30 
minutes. The mixture was stirred three hours at 25* C, 
cooled to 0* C, and then treated with 10% aqueous 
NaOH solution until it was alkaline to litmus. The alka- 
line solution was extracted with chloroform (4x400 
ml.), and the combined extracts were dried over anhy- 
drous sodium sulfate and evaporated. The oily residue 
was dissolved in ether and precipitated by addition of 
gaseous HC1. The product hydrochloride was separated 
by filtration, washed with ether and dried, to give 26.5 
g. (yield: 62%), as a mixture of two geometric isomers 
in a ratio of 0.8-1.2:1. R/TLC, neutral alumina, chloro- 
form) 0.7; IR/nox (using a Perkin-Elmer 457 grating 
infrared spectrophotometer) C-O 1200-1250, 1150 
cm. -1 ; M" tr =199; high resolution molecular weight 
determination: calc. for C10H17NOS: 199.1020, found: 
199.1017. 

NMR of the HC1 salt is shown in FIG. 2. Resolution 
of the spectrum enables the existence of both isomers to 
be seen. The location of the — S — in the oxothiolane 
ring is evident from the chemical shifts of the respective 
Ha and Hb protons. These protons in the isomeric mix- 
ture and also in each of the isomers appear at higher 
field than their possible chemical shifts if they had been 
attached to — O — as in the analogous 1,3-dioxolane 
structure. The product can be recrystallized from ethyl 
acetate (600 ml. per g.) or from acetone (220 ml. per g.). 

The isomeric mixture of hydrochlorides can be sepa- 
rated into its components by fractional recrystallization 
in redistilled dry acetone. Melting points as well as 
NMR spectra of 250 MHz can be used as an indication 
of purity for each isomer. Such a separation will be 
described in step (d). 

(ii) In an alternative method, AF102 in free base form 
is prepared directly from the solution of crude thioal- 
colhol. Thus, such a solution from step (c) (ii) contain- 
ing 240 g. of thioalcolhol (1.38 mole) was added to a 5 
liter 3-necked flask, cooled in cold water to 10* C and 
then acetaldehyde (680 ml.; freshly distilled on para-tol- 
45 uene sulfonic acid) was added during 30 mins. and the 
temperature was kept at 20 ±5* C. during this time. The 
solution was then cooled to 15* C. and stirred for an- 
other 30 mins. BF3-etherate (450 ml) was added drop- 
wise during 30 mins. and the solution was kept ar 20± 5* 
C. and stirred for an additional 30 mins. A solution of 
20% NaOH (1 liter) was added dropwise and the reac- 
tion temperature was kept at 20^5^ C. during this addi- 
tion. 

The mixture was filtered and the water solution was 



of step (a) (ii), above, (1520 g.) was introduced into a 3 

1. three-necked flask equipped with a mechanical stirrer, 55 extracted with 1 liter of chloroform. The chloroform 

a H2S inlet and two traps with concentrated NaOH extracts were combined, dried over MgS04and evapo- 

solution to trap excess H2S. The reaction mixture was rated. The oil obtained could be distilled at ca. 90* C./1 

kept at 25±5 # C and H 2 S was bubbled into it for 8.5 mm. Hg to obtain AF102 (cis:trans), or alternatively 

hours, after which it was allowed to stand overnight diluted with 2.5 1. toluene. In the latter case, 5*10 g. of 

The next day, H2S was again bubbled in for 5 more 60 solid which deposited on the walls of the flask were 



hours, when the reaction was complete (TLC) and 
could be used for the next step without any further 
purification. 

(c) 2-methylspiro( 1 ,3-oxathiolan-5,30qutauclidine.- 
[AF102 cis:trans] 

(i) In a 0.51. 1. three-necked flask equipped with a 
magnetic stirrer, an inlet and an outlet for nitrogen gas 
and a thermometer, were placed the product of step (b) 



removed and HO (gaseous) was bubbled into the tolu- 
ene solution till the organic solution was acidic to pH 
paper, the solid cake was filtered off, washed with tolu- 
ene, dissolved in } 1. isopropanol at 50*-60' C, and fil- 
65 tered to remove insoluble impurities. The filtrate was 
evaporated with the addition of 1 1. toluene to obtain 
168 g. of crude product AF102 (cis:trans) (HC1) with 
some slight impurity as shown by TLC. This product 
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(crude yield 5i%) can be purified further as described 
below in step (d). 

(d) Separation of AF102 into its components AF1- 
02A and AF102B. 

A 1:1 isomeric mixture of hydrochlorides was crys- 5 
tallized from 4.7 1. of redistilled dry acetone. The prod- 
uct which precipitated was crystallized again (see Ta- 
ble), to yield after four crystallizations 1.9 g. of pure 
AF102A, m.p. 24CT-242* C. Concentration of the 
mother liquor (see Table) resulted in an oily product 10 
which was purified on an alumina column (as a free 
base, 1% methanol in dichloromethane) to give mainly 
(10:1) the isomer AF102B, m.p. 176M79* C. as the HC1 
salt. 



(dried over molecular sieves) and diphenylacetaldehyde 
(15 ml., 0.085 mole). The solution was cooled in an ice 
bath, and kept under nitrogen while distilled boron 
trifluoride etherate (20 ml., 0.13 mole) was added over 
a period of 30 minutes. The mixture was stirred two 
hours at 25* C, cooled to 0* C. and then treated with 
10% aqueous sodium hydroxide until the solution was 
alkaline to litmus. The basic solution was extracted with 
benzene (4 X 400 ml.), and the combined extracts were 
dried over anhydrous sodium sulfate and evaporated. 
The oily residue was dissolved in ether and precipitated 
as the hydrochloric acid salt by addition of gaseous 
HQ. The product was further purified on a neutral 
alumina column as free base using 1:10 petroleum 



TABLE: Separation of AF102A and AF102B as HC1 salts. 
23 g. 1:1 mixture (m.p. 190-2* C) 
4.7 1. acetone 

(5* C. 4 days) 



Y 

concentration to 2 I. 



Y 

13.3 g. m.p. 201-5' C 



mother- 
liquor A 



concentration 2.7 g., 

to 1 I. m.p. 195-8* C 



mother- 
liquor B 



concn. to 
0.65 1. 



1-8 g, 

m.p. 190-4* C. 



mother- 
liquor C 



evaporation of 
mother-liquor 



1.5 g.. 

m.p. 190* C. 



mother- 
Uquor D 



column purittcaton 
of free base 
on alumina 



1.0 g., m.p. 176-179* C 
AF102B***(precipitated as HQ salt) 
>1&! 
a* (NMR) 
r ratio tbout 1:10 (NMR) 



(3 1. acetone) 



7.5 g., m.p. 205-10* C. 



(1.9 I. 
aceto ne) 



4.5 g^ m.p. 215* C. 



Y 

2.8 g., m.p. 220* C* 
1(0.71) 



1 



1.9 g., m.p. 240-2* C. 
AF102A*«(HCl) 



AF102A(HC1): NMR (see FIG. 3), 250 MHz (CDCI3) 8 

5.24 (quartet, peak of R 1 =H, which is a quartet since 55 

it is coupled to R2=CH3). 
AF102B(Ha): NMR (FIG. 4), 250 MHz (CDCI3) 8 

5.17 (quartet, peak of R 2 =H, which is a quartet since 

it is coupled to R l =CH3). 

EXAMPLE II 60 

Preparation of 
2-diphenylmethylspiro( 1 > 3*oxathiolane-5,3')quinucli- 
dine 

In a 100 ml. three-necked flask equipped with a mag* 65 
netic stirrer, an inlet and outlet for nitrogen and a ther- 
mometer, were placed 3-hydroxy«3-mercaptomethyl- 
quinuclidine (8 g. t 0.045 mole), 40 ml. dichloromethane 



ether(40 # -60')/ethyl acetate as the eluent. Under these 
conditions, 2 g. of the title compound were isolated. 
M*=351. 

EXAMPLE III 

2-methyl-2-phraylspirc<l f 3^xathiolane-5,30quinucli- 
dine 

This compound was prepared by a similar method to 
Examples i and 2, by reacting acetophenone with 3- 
hydroxy-3*mercaptomethylquinuclidine. The yield was 
relatively low (10-20%). M =275. 

Various other compounds within the ambit of for- 
mula (I) can be prepared by the exemplified method by 
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using the appropriate aldehyde R 1 — CHO or ketone 
ri — CO — R 2 , where R 1 and R 2 are as defined with 
respect to formula (I). 

As has already been mentioned, the spiro-compounds 
of formula (I), including their pharmaceutical^ com- 5 
patible acid addition salts may be formulated, together 
with conventional pharmaceutical inert carriers, dilu- 
ents, adjuvants and so forth, as pharmaceutical compo- 
sitions, which may be in a form suitable for oral, rectal 
or parenteral administration, or for administration by 10 
insufflation, or they may be in a form suitable for trans- 
dermal administration, and in any event the composi- 
tion may be in unit dosage form. 

The spiro-compounds of formula (I), or such pharma- 
ceutical compositions containing them, may be adminis- 15 
tered to humans, as well as to laboratory animals such as 
rodents, cats, dogs and monkeys, as for example by 
peripheral or intracerebral or intracerebroventricular 
injections (for animals), by infusion, through the skin, or 
per os. It is evident that the dosage and the route will 20 
need to be adjusted according to the specific biological 
use, and in particular according to the nature of the 
disease or disorder to be treated and its severity. 
For the reasons which have already been noted here- 
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(b) LP 50 mice: intravenous administration. 
Test conditions - male mice, 20-24 g. 

- N = 6/group 

• variable volume-dosage of 9.0-1 1.5 ml.Ag. 
Dose Mortality 
(mg.Ag. i.v.) (number dead/number in group) 



45.0 
42.5 
40.0 
37.9 
36.0 



6/6 
4/6 
2/6 
3/6 
2/6 



LDso (95% CI.) = 40.4 (35.5-45.9) mgVkg. 

The relatively narrow ratio of about 1:2.5 between 
the LD50 values of the i.v. and oral routes of administra- 
tion suggests an efficient, rapid and apparently unal- 
tered absorption of the test material by the enteric 
route. 

(c) Signs observed. 

Signs in reaction to treatment in mice and listed - 
below were mostly confined to decedents, as survivors 
of treatment groups, administered respectively doses 



which caused only partial lethality, rarely demonstrated 
inbefore, such pharmaceutical compositions may, in the 25 of ^ reporte€ j a ff ec ts in decedents. Undoubtedly, 



case of (la), contain as an additional ingredient, one or 
more compounds selected from the group consisting of 
physostigmine, tetrahydroaminoacridine, choline, leci- 
thin, piracetam, aniracetam, pramiracetam, oxiracetam, 
4-aminopyridine, 3,4-dianiinopyridine and somatostatin. 30 

As has also been previously mentioned in some detail 
above, when the pharmaceutical compositions are to be 
administered transdermally, it is preferred to utilize the 
drug delivery system according to Israel Patent Appli- 
cation No. 72684. 35 

Biological Testing of the Spiro-Compounds of the 
Invention 

For AF102A and AF102B the general toxicity profile 
was first established. This study phase was routinely 40 
divided into two parts, i.e. "dose range finding" and 
LD50 determination. In the former, usually pairs of mice 
were administered widely spaced dosages and the ani- 
mals were subsequently observed. The type, time of 
onset and duration of reactions to treatment were re- 45 
corded. LD50 determinations were based on the prelimi- 
nary findings of the range-finding studies. Under condi- 
tions of this study, the test material solutions were ad- 
ministered to at least five dose-level groups of at least 



this finding points to a rather steep toxic-lethal slope of 
the test material. 

Furthermore, there was essentially no obvious differ- 
ence in effects observed between orally and intrave- 
nously treated animals, with the exception of time of 
onset, duration and time of death. Examination to assess 
pupillary changes were carried out only in surviving 
animals. 

Signs are listed in order of their appearance: 
slight transient decrease of spontaneous motor activ- 
ity (only in orally treated animals) 
severe tremors, particularly of head region (within 
2-3 mins. or 10 sees, after oral or intravenous ad- 
ministration, respectively) 
dyspnoea 

convulsive seizures (clonic) 
gasping, cyanosis 

singular clonic-tonic convulsive seizure followed by 
death. 

Death in mice to which were administered approxi- 
mate LD50 doses, occurred about 10-15 minutes, after 
oral administration and at about 30 sees, after intrave- 
nous injection, respectively. In surviving animals, tran- 
five animals of the same sex per group and at geometri- 50 sient partial analesic activity in response to tail-pricking 



cally-spaced dosages. On the basis of mortality, the 
LD50 value and 95% confidence interval (CI.) were 
calculated according to Weil's method (Weil, Biomet 
rics, 8: 249-283, 1952). 



AF102A 
(a) LDso mice; oral administration. 
Test conditions - male mice, 20-24 g. 

- N « 5/group 

. constant volume-dosage of 20 miykg. 
Dose Mortality 
(mg.Ag. per os) (number dead/number in group) 



55 



160 


5/5 


139 


5/5 


120 


4/5 


104 


2/3 


90 


2/5 


78 


0/5 


LDjo<95% CI.) - 102 (89-117) mg.Ag. 



could be detected. Likewise, even among survivors in 
which one of the above-described signs was shown, full 
recovery was extremely rapid. Another feature worth- 
while mentioning is the rinding of slight to moderate 
mydriasis after pupillary examination, in surviving ani- 
mals of the intravenously-treated group. 

It should be pointed out that none of the test animals 
exhibited effects considered characteristic of parasym- 
6Q patho- or cholinomimetic activity, i.e. continuous gen- 
eralized tremors, salivation, lachrymation, or diarrhoea 
and miosis. 

Rats to which were administered an oral dose of 100 
mg./kg. showed the following: 

10 mins. post-administration (p.a.), spontaneous 
motor activity was slightly reduced 

15 mins. p.a. mydriasis, with pupillary size being 
about three times that seen in controls 
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20 mins. p.a., sudden onset of a brief clonic convul- 
sive seizure which 5 mins. later changed into periodic 
. head twitching and tremors 

30 mins. p.a., animals appeared somnolent, accompa- 
nied by partial loss of righting reflex, dyspnoeic and 
cyanotic, with very slight salivation and lachrymation. 

All of the above signs refer mostly to the one animal, 
out of the group of three, which was found dead at 40 
mins. post-administration. In the remaining two rats, all 
of the above-displayed effects were much less in their 
relative intensity, and full recovery occurred after sev- 
eral hours. 



10 



AFI02B 



Test conditions • 


male mice, 20-24 g. 




N «= 5/group . 




constant volume-dosage of 20 ml. Ag. 


Dose 


Mortality 


(mg.Ag. per os) 


(number dead/number in group) 


113 


4/5 


101 


3/5 


90 


2/5 


80 


2/5 


71 


0/5 


64 


0/5 



LD» (95% CD - 92 (7*-"6> mg-Ag. 

(b) LP so mice; intravenous administration. 
Test conditions « male mice, 20-24 g. 

- N = 6/group 
variable volume-dosage of 9.0-11.5 ml.Ag. 
Mortality 
(number dead/number in group) 



Dose 
(mg. Ag. tv.) 



39 


6/6 


37 


6/6 


35 


5/6 


33 


1/6 


31 


3/6 


LDso(959i CL) - 33 (31-35) mg-Ag. 



15 



20 



25 



30 



35 



The relatively narrow ratio of about 1:2.5 between 
the LDso values of the i.v. and oral routes of administra- 
tion suggests an efficient, rapid and apparently unal- 40 
tered absorption of the test material by the enteric 
route. 

(c) Signs observed. 

Inasmuch as both LD50 values after i.v. and per os 
administration of AF102B were slightly lower than 45 
those obtained with AF102A, the general signs of reac- 
tion to treatment with the former were essentially simi- 
lar to those reported for the latter, with the mere differ- 
ence being confined to a slightly enhanced intensity in 
the case of AF102B. 50 

It should be pointed out that, as with AF102A, none 
of the test animals exhibited effects considered charac- 
teristic of parasympatho- or cholinomimetic activity, 
i.e. continuous generalized tremors, salivation, lachry- 
mation, or diarrhoea and miosis. This feature is in con- 55 
trast to the cholinergically active compound of U.S. 
Pat No. 4,104,397, namely cis-2-methylspiro(l,3-dioxo- 
lane-4,30quinuclidine, hereinafter referred to under the 
code number AF30, which did exhibit such side effects. 

60 

Intraperitoneal Toxicity of AF102B in Rats 

The acute intraperitoneal toxicity of AF102B (HQ) 
was investigated in five groups of five male and five 
female rats of the Charles River strain at dosages with 
the range 20.0-187.0 mg.Ag. The test material was 65 
prepared at various concentrations in saline and was 
administered at a constant volume-dosage of 10 ml/kg. 
Mortality and signs of reaction to treatment were re- 



corded during a 14-day period of observation. Early 
decedents and animals killed on day 15 were subjected 
to necropsy. It was found that deaths occurred at the 
three highest dose levels (61, 107, 187 mg.Ag.), within 
twenty minutes after dosing. 

The principal signs of reaction to treatment observed 
in both decedent and surviving animals were spastic and 
tonic convulsions, tremors, tachypnoea and dyspnoea, 
decreased motor activity, slight to very strong saliva- 
tion and urination. In surviving animals all signs of 
reaction to treatment were resolved within two hours 
after dosing. Surviving animals generally made ex- 
pected bodyweight gains over the study period. At 
necropsy the gross observations related to treatment 
were seen only in decedents. Congested blood vessels 
were observed in the brain of the high dosage group. 
No abnormalities were detected at necropsy of surviv- 
ing animals. LD5o(95% C.L.)=77.6 (60.1-100.2); slope 
= 83*. 

Acute Oral Toxicity of AF102B in Rats 

The acute oral toxicity of AF102B (HC1) was investi- 
gated in four groups of five male and five female rats 
(Charles River CD strain). The test material was pre- 
pared at various concentrations in saline and was ad- 
ministered at a constant volume-sosage of 5 ml.Ag. 
Dosages were selected according to the availability of 
the test material. Mortality and signs of reaction to 
treatment were recorded during a 14-day period. Early 
decedents and surviving animals were subjected to nec- 
ropsy on Day IS. It was found that deaths occurred at 
all four dose-levels studied, within three hours 30 min- 
utes after dosing. 

The principal signs of reaction to treatment observed 
in both decedent and surviving animals were clonic 
convulsions, tremor, salivation, urogenital staining, 
diarrhoea and pigmented orbital secretion. In surviving 
animals, all clinical signs of reaction to treatment were 
resolved by twenty four hours after dosing. The main 
treatment-related finding of decedent animals at nec- 
ropsy was salivation. Internally, a single case of ha- 
emorrhagic contents and occasional congested gastric 
mucosa was observed. Necropsy of surviving animals 
did not reveal any abnormalities. Surviving animals 
generally made expected bodyweight gains over the 
study period. The oral LD50 of AF102B is estimated to 
be greater than 156 mg.Ag. 



AF102B: 

Summary of Acute Toxicity in Studies of Mice and 
Rats (mg.Ag.) (LDy> + 95% Confidence Limits). 
Animal 

Specie iv ip po 



Mice 
Rats 



33(31-35) 



77.6(60.1-100.2) 



92(7*-H6) 
>156 



•All mice died at 80 mg-Ag., ip. 

Analgesic (Antinociception) Activity in Mice of 
AF102B 

The potential analgesic activity of the test material 
AF102-B was assessed in groups (n=5) of male and 
female mice, by use of two primary analgesic tests: Tail 
Clip and Phenylquinone Writhing. The test material 
was administered either by the oral or the intraperito- 
neal route at three different dose levels and the analge- 
sic effect was compared with that of two reference 
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compounds. In preliminary studies codeine phosphate 
(50 mg./kg., administered s.c. one hour before testing) 
, and oxotremorine (either 0. 1 mg./kg., administered p.o. 
one hour before testing, or 0.05 mg./kg., administered 
i.p. 30 minutes before testing), were selected as analge- 
sic arid cholinomimetic reference compounds, respec- 
tively. Under the conditions of this study, AF102-B 
exhibited antinociceptive activity only at dose levels 
greater than 20 mg./kg. p.o. and 10 mg.Ag. i.p. This 
dose-dependent antinociceptive effect was not fully 
developed at 60 mg.Ag. p.o. and 40 mg.Ag. i.p., which 
were the highest non-lethal dose levels tested in this 
study and remained obviously weaker than those of 
codeine phosphate and oxotremorine. 

Potential hypothermia-inducing activity of AF102B in 
rats 



10 



15 



The potential hypothermia-inducing activity of the 
test material AF102B was assessed in groups of 8 male 
rats, comparatively with two reference materials. The 
- rectal temperature was recorded before and at different 
times after administration of the test material, either by 
the oral or the intra-peritoneal route at three different 
dose levels. In preliminary studies chlorpromazine (10 25 
mg.Ag. administered i.p.) and oxotremorine (either 3.2 
mg.Ag., administered p.o. or 1.2 mg.Ag. administered 
i.p.) were selected as neuroleptic and cholinomimetic 
reference material, respectively. Under the conditions 
of this study, AF102B exerted hypothermia inducing 30 
activity only at dose levels greater than 40 mg.Ag. 
(p.o.) and 15 mg.Ag. (i.p.)- At the maximum dose-levels 
of 80 mg. Ag. p.o. and 60 mg.Ag. i.p. (the highest tested 
dose-levels which did not induce convulsions), AF102B 
induced a decrease in the rectal temperature which was 35 
similar in its amplitude to those induced by chlorproma- 
zine and oxotremorine. Slight diarrhea was the single 
cholinomimetic manifestation induced by AF102B at 
these maximum dose-levels, while oxotremorine in- 
duced a full cholinomimetic syndrome associated with 40 
tonic-clonic convulsions with this reference material 
was administered i.p. 

Mutagenic activity of AF102B 

AF102B was examined for mutagenic activity in five 45 
histidine-dependent autotrophs of Salmonella typhimu- 
riurru strains TA-15365, TA-100, TA1538, TA-98 and 
TA-1537, using pour-plate assays. The procedures used 
complied with the OECD guidelines 471, adopted May 
1983. The studies, which were conducted in the absence 
and presence of an activating system derived from rat 
liver (S-9 mix), employed a range of levels selected 
following a preliminary toxicity test in strain TA-98. 
Each test was conducted in duplicate and was carried 
out on two separate occasions. Positive controls such as 
the known mutagens sodium azide, 4-nitro-o- 
phenylenediamine (NPD), ICR-191 and 2-aminoanthra- 
cene, were used under the same experimental condi- 
tions. No increases in reversion to prototrophy were gj 
obtained with any of the five bacterial strains at the 
compound levels tested, either in the presence or ab- 
sence of S-9 mix. No inhibition of growth observed as 
thinning or absence of the background lawn of non- 
revertant cells occurred in any strains following expo- 65 
sure to the test material at 1000 ug. per plate. It is con- 
cluded that AF102B is devoid of mutagenic activity 
under the conditions of this study. 



Binding affinities of putative cholinergic agonists to 
muscarinic receptors 

(A) Scatchard plot: 

PNZ is considered as a specific Mi antagonist [See 
volume dedicated to this topic in Trends Pharmacol. 
Sci. (Suppl) January 1984]. Its affinity to the receptor is 
not as high as that of QNB, therefore the apparent Kd 
should be higher than that of QNB. Indeed the Kd of 
PNZ, determined by us, was 13.0 nM compared with 
0.048 nM found for QNB. The Kd value found by us for 
PNZ is consistent with the published data. 

(B) Displacement of bound [ 3 H]-PNZ by the tested 
compound: 

The advantage of using PNZ lies in its selectivity 
toward Mi-receptor. It should be expected that com- 
pounds which are more selective toward Mi receptors 
will displace it more efficiently. The displacement of 
20 [ 3 H]-PNZ by the muscarinic antagonist, atropine and 
the muscarinic agonist, oxotremorine results in ICso's of 
5xl0~ t0 M and 8xl0~ 7 M, respectively and they are 
both higher than the concentrations needed to displace 
[ 3 H]-QNB. These results are not surprising in the light 
of the higher Kd of pirenzepine. The ratio of these two 
ICm's to the ICso's of the same compound for the dis- 
placement of [ 3 H]-QNB can be used as reference for 
preferential binding of other tested compounds of 
pirezepine binding sites Mi receptors). 

The following table shows the ICso's of the tested 
compounds for the displacement of [ 3 H]-PNZ or [ 3 H]- 
QNB. It can be seen that the tested compounds dis- 
placed [ 3 H]-PNZ more efficiently than [ 3 H]-QNB. 
However, AF102B was more selective for Mi receptors 
by one order of magnitude than the rest of the tested 
compounds, as expressed by the ratio ICso^ICso 2 . 

TABLE 1 



The potency of putative cholinergic compounds in 


displacing [ 3 H]— PNZ from central muscarinic receptors 


(expressed as IC50) 


IC50MC50 2 


Compound ICsoHM] ICyflM] 


oxotremorine 8 x 10~ 7 3 X 


0.27 


10-6 




AF102B 4 X HT 7 10- 5 * 


0.04 


AF102A 3 X 10- 5 7 X 10" 5 


0.43 



50 



55 



'approximately twice as potent as AF 30 (cis) 
ICjo 1 « ICso for displacement of ( 3 HJ— PNZ 
ICyj 1 -= IC30 for displacement of [ J HJ— QNB 

(Muscarinic receptor assay was performed according to Yamamura and Snyder, 
PNAS US 71: 1725. (1974).) 



TABLE 2 



Guinea-pis ileum induced contractions 


COMPOUND 


Type of activity 


EC50{M) 


ICsoCM}* 


Acetylcholine 


agonist 


5.0 X 10- 8 




AF30 


agonist 


4.0 X 10- 6 




AF102B 


agonist 


4.0 X 10- 6 




AF102A 


agonist 


>10 




Ob) 


anugonist 




2 X 10- 8 


(lc) 


antagonist 




2 X I0- 6 



•This dose b the 1C» for inhibiting acetytchcJue-induced contractions of the ileum. 

From TABLES 1 and 2 it is evident that AF102B is 
a potent muscarinic agonist, whereas its geometrical 
isomer AF102A is almost one order of magnitude less 
active; moreover, from TABLE 1 it is evident that 
AF102B is a selective M| agonist. 
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BEHAVIORAL STUDIES 
Summary of Results 

Behavioral studies in rats treated icv with AF64A (3 
nmoie/2 ul/side) revealed marked cognitive dysfunc- 
tions in a step-through passive avoidance test. These 
memory impairments could be reversed by physostig- 
mine and by AF102B. 

This reversal, as noted in the following table, occurs 
at low doses at physostigmine (0.06 mg.Ag., ip) and 
AF102B (0.1 and 1 mg.Ag., ip and 1 mg.Ag., po). 
Therefore the "therapeutic index" of AF102B is 
78-780. This "therapeutic index" is defmitely wider 
than is found in physostigmine (5-17). 

Reversal of AF64A-Induced Cognitive Impairments by 
Physostigmine and AF102B and Their Relative 
Toxicity in Rats 



the AF64A-produced effects by physostigmine as a 
reference compound, and by AF102B. 

AF64A Preparation 

AF64A was freshly prepared each day in 10 mM 
concentration and then diluted in artificial cerebrospi- 
nal fluid (CSF) to the proper concentration for injec- 
tion. The composition of the artificial CSF pH 7.1-7.3 
solution was: 



10 



15 



mM 


NaCl 


147 


KCl 


2.9 


MgCl 2 .6H 2 0 


1.6 


Dextrose 


2.2 


CaCh.2H 2 0 


1.7 
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Physostigmine (mg./kg.) AF102B (mg./kg.) 
ip ip po 

AF64A 
(3 nmole/side) 

Passive 0.06 1 1 

Avoidance 

Morris Swimming 0.1 worsens 1 
Maze 

8-Arm Radial 0.1 (NS) 5 
Ann Maxe 

LDjo 1-2 78 >156 

Therapeutic 10-17 78-780 >156 

Index 1£ 

(NS = non-tignificim) 

•Thb number a derived by dividing the LD50 by the dose used in the Radial Arm 
Maze 0p administration). 

Moreover, it is important to note that the slope of the 35 
acute toxicity curve of AF102B is steep and no overt 
behavioral signs including parasympathomimetic ef- 
fects, such as salivation and tremors, were detected up 
to the lethal dose. Thus, the range of the "sign free" 40 
dose is rather wide, emphasizing the potential use of this 
drug for treatment of SDAT. 

In addition, in the extinction studies performed in the 
AF64A-treated rats, a very long beneficial effect of 
AF102B was found, indicating that this compound has 45 
long-term duration effects on cognitive functions 
(FIGS. 10 and 11). 

It is also of great importance to note that AF64A (3 
nmole/2 ul/side) induced marked memory impairments 
in the Morris Swimming Maze test (Morris, loc. cit.), so 
which AF102B (1 mg./kg., ip) counteracted, whereas 
physostigmine (0.1 mg.Ag., ip) had a negative effect 
(FIGS. 16 and 17), Interestingly, the beneficial effects 
of AF102B in this test were on spatial memory dysfunc- 
tions induced by AF64A. In this regard, it is notewor- 55 
thy that a main memory dysfunction in SDAT patients 
is impairment of spatial memory. Moreover, it is also of 
great importance to note that AF64A (3 nmole/2 ulA 
side) induced memory impairments in the 8-Arm Radial 
Arm Maze (RAM) which AF102B (5 mg./kg., ip) coun- 60 
teracted, whereas physostigmine (0.1 mg.Ag.) had no 
significant effect (FIGS. 18 and 19). 

Experimental 

Bilateral icv injections of AF64A produced cognitive 65 
impairments in rats in (a) a passive avoidance-step 
through test; (b) the Morris Swimming Maze; and (c) 
the Radial Arm Maze; and the possibility of reversal of 



Step-through Passive Avoidance: Experiment 1 

The effect of physostigmine on the performance and 
24 hours retention of an inhibitory learning (passive 
avoidance-step through) task, in AF64A and CSF in- 
jected rats was investigated, using a post-training drug 
treatment paradigm. 

Male Sprague-Dawley (raised by Charles River) rats, 
90-1 10 days old, weighing 230-360 g„ were all allowed 
free access to food and water. Prior to surgical proce- 
dure, rats were anesthetized with Equithesin (0.3 
ml./ 100 g. ip). Bilateral injections were made by stereo- 
taxic application of AF64A or vehicle into the lateral 
cerebroventricles (icv) (AP— 0.8 mm. from bregma, 
L-1.5 mm. from bregma and —4.7 mm. from skull sur- 
face). 23 rats were infused with 3 mole of AF64A in a 
volume of 2 ul*, into each lateral ventricle (group 1), 
and 20 control rats were infused similarly with the same 
volume of CSF (group 2). Altogether 43 rats were oper- 
ated. The infusion was made by a 28-ga. injection can- 
nula. The rate of injection was kept constant at 0.25 
ul/min. The injection cannula was left in place for 4 
mins. after injection to allow diffusion of the solutions 
into the ventricles. 

•This dose was found effective in impairing the passive advoidance 
step-through performance of rats. 

27-28 days after injection**, each group of rats were 
post-operatively subdivided randomly into 2 groups of 
10 rats each; subgroup 1 was assigned to the physostig- 
mine treatment and subgroup 2 was treated with saline. 
Each rat was individually placed in a small lighted front 
compartment of a two-compartment box. After a 60 sec. 
familiarization/adaptation period, the door separating 
the two compartments was opened and a clock acti- 
vated. The rat's latency to enter the large dark compart- 
ment of the box (to step through) was measured. Imme- 
diately following entry into the dark compartment, the 
rat was subjected to an inescapable scrambled foot 
shock applied to the grid floor (0.6 mA— for 3 sees.). 60 
sees after the termination of the shock, at the end of the 
training procedure, the rat was removed from the dark 
compartment and physostigmine dissolved in saline 
(0.06 mg.Ag.) or saline placebo were administered ip. 
Rats were then returned to their home cage. Retention 
of the passive avoidance task was measured 24 hrs. after 
training by again placing the rat in the lighted front 
compartment and after a 60 sec. adaptation period, 
measuring the latency to enter the dark compartment. 
The test session ended when a rat entered the dark 
compartment, or after 600 sees, had elapsed. Animals 
that failed to step through within 600 sees, were re- 
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moved from the apparatus and a 600 sees, latency was 
recorded for them. 

••The 27 -day interval was found to be effective in impairing the passive 
avoidance step-through performance in 3 nmole/2 ul AF64A-injected 
rats. 

5 

Results: Mortality and Body Weight 

Immediately following surgery the AF64A-injected 
animals appeared unresponsive to environmental stim- 
uli. A few of the animals (2 out of 20 in the AF64A- 
injected group and 6 out of 20 in the CSF-injected 
group) showed a loss of body weight (2%) and 12.5%, 
respectively), which was observed 7 days following 
dosing. Within 48 hours of dosing there was a cumula- 
tive mortality of 13% of the AF64A-injected group. J5 

Results: Passive Avoidance Test. 

The initial latency measures and the retention-test 
latency measures were analyzed by a two-way 
ANOV A, Injection (AF64A/CSF) vs. Treatment (phy- 
sostigmine/saline). Table (i) presents the mean 20 
±S.E.M. of the initial latency measures, while Table (ii) 
presents the mean ±S.E.M. of the retention-test latency 
measures. 



TABLE (i) 





Initial-test latency measures ( 


sees.) 




Injection . 
Pre-Treatment 


AF64A 
3 nmole/2 ul 


CSF 
2 ul 




Physostigmine 
(0.06 mg.Ag.) 
Saline 


25.50 +/- 5.68 
33.80 +/- 9.66 


29.70 +/- 
16.10 +/- 


7.93 
3.73 


TABLE (ii) - 




Retention-test latency measures (sees.) 




Injection 
Treatment 




AF64A 
3 nmole/2 ul 


CSF 
2ul 




Physostigmine 
(0.06 mg7kg.) 
Saline 




458.90 +/- 63.33 
247.90 +/- 5126 


576.10 +/- 
556.60 +/- 


22.69 
28.44 
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30 



35 



40 



No significant differences were found during the 
training trial between any of the groups tested (see FIG. 
8): F(l,36)=0.81, p>0.05. 

The step-through latency of the AF64A-injected 4J 
group was significantly shorter, F(l,36)=20.18, p<0.01 
during the 24 hr. retention test than the CSF-injected 
group's latency. In addition, the step-through latency of 
the physostigmine-treated group was significantly 
longer, F(l,36)=5.91, p=0.05, during the 24 hr. reten- jq 
tion-test than the saline-treated group's latency. Reten- 
tion of a step-through passive avoidance response of the 
AF64A-injected group was significantly improved by 
physostigmine administration while the retention of the 
CSF-injected group was not affected by this treatment 55 
(see FIG. 8), F(l,36)=4.08 l p=0.05. Shiffe's contrasts 
of the step through latency measures during the reten- 
tion test revealed a significant difference between the 
saline-treated AF64A and CSF-injected groups 
(p <0.05). The three other contrasts were not significant 60 
although the latency of the saline-treated AF64A- 
injected group appears to be shorter than the latency of 
the physostigmine-treated AF64A-injected group. 

Step-through Passive Avoidance: Experiment 2 65 

The effects of AF102B on the performance and 24 
hours retention of an inhibitory learning (passive avoid- 
ance-step-through) task, in AF64A and CSF injected 
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rats were investigated, using a post-treatment drug par- 
adigm. 

The surgery procedure was identical to that of Ex- 
periment 1 except that (1) the weight of the operated 
rats was 250-325 g.; (2) 20 rats were infused with 3 
nmole of AF64A in a volume of 2 ul, into each ventricle 
(group 1), and 20 control rats were infused with a vol- 
ume of 2 ul of CSF into each lateral ventricle (group 2). 
Altogether 40 rats were operated. 

The behavioral testing procedure comprised 4 pha- 
ses. Pretest: 28 male Sprague-Dawley naive rats, 90-1 10 
days old, weighing 270-310 g. were randomly divided 
into 4 groups of 7 rats each; 3 groups were assigned to 
AF102B dissolved in saline treatments (0.1, 1 or 5 
mg.Ag.) and the fourth group was treated with saline. 
The training and test-retention procedure was identical 
to that in Experiment 1 except that at the end of the 
training procedure different doses of AF102B or saline 
placebo were administered ip. 

Phase I: 27-28 days after injection each group of rats 
was postoperatively subdivided randomly into 2 groups 
of 10 rats each; subgroup 1 was assigned to the AF102B 
treatment and subgroup 2 was treated with saline. The 
training and the test-retention procedure was identical 
to that of Experiment 1 except that at the end of the 
training procedure, the rat was removed from the dark 
compartment and doses of AF102B dissolved in saline 
(1 mg.Ag.) or saline were administered ip. 

Phase 2: 6 days after the retention test, rats were 
subjected to 6 daily sessions of extinction procedure. 
The rat was placed in the lighted front compartment 
and the latency to enter the dark compartment was 
measured. This procedure was identical to the retention 
test's procedure in Phase 1. 

Phase 3: After the extinction procedure, rats were 
subjected to a latent extinction procedure. The rat was 
placed in the lighted front compartment and after a 60 
sec. adaptation period, was pushed into the dark com- 
partment and kept there for 60 sees. This procedure was 
followed once a day for three days. After the latent- 
extinction procedure, rats were subjected to an "extinc- 
tion + latent extinction" procedure. The rat was placed 
in the lighted front compartment and after a 60 sec. 
adaptation period, the latency to enter the dark com- 
partment was measured. The test session ended when a 
rat entered the dark compartment Animals that failed 
to step through within 600 sees, were pushed into the 
dark compartment and a 600 sees, latency was recorded 
for them. This procedure was followed once a day for 4 
days. At the end of the 4th session, immediately follow- 
ing entry into the dark compartment, the rat was sub- 
jected to a training and retention-test procedure identi- 
cal with that in Phase 1 except that the two sub-groups 
treated in Phase 1 with AF102B were now treated with 
. saline placebo and vice-versa. (It should be noted that 
this treatment took place 2 months after the AF6- 
4A/CSF injection). 
Results: Mortality and Body Weight 
Immediately following surgery the AF64A-injected 
animals appeared unresponsive to environmental stim- 
uli. A few of the animals (2 out of 20 in the AF64A- 
injected group) showed a 2% loss of body weight 
which was observed 7 days following dosing. Within 48 
hours of dosing no mortality occurred in any of the 
groups. 

Results: Passive Avoidance Test 
Pretest 
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The initial latency measures and the retention-test 
latency measures were analyzed by a one-way 
ANOVA. Table (iii) presents the mean ±S.E.M. of the 
initial latency measures, while Table (iv) presents the 
mean ±S.E.M. of the retention-test latency measures. 5 

TABLE (iii) 





Initial latency measures (sees.) 




AF102B 
0.1 mg.Ag. 


AF102B AF102B 
1 mg;Ag. 5 mg.Ag. 


Saline 


16.71 +/- 4.77 


11.86 +/- 1.23 19.71 +/- 5.39 


20.00 +/- 
5.46 


TABLE (iv) 


Retention-test latency measures (sees.) 


AF102B 
0.1 mg.Ag. 


AF102B AF102B 
1 mg.Ag. 5 mg.Ag. 


Saline 


330.57 +/- 75.55 


348.14 +/- 551.71 +/- 
81.66 32.92 


513.00 +/- 
56.39 



10 



15 



20 



No significant differences were found during the 
training trial between any of the groups tested, 
F(3,24)=0.57; p>0.05. In addition, no significant differ- 
ences were found during the 24 nr. retention-test be- 
tween the different doses of AF102B, F(3,24)=2.6l; 25 
p<0.05, although the retention latency of the 0.1 
mg./kg. and the I mg.Ag/ groups tends to be shorter 
than the latency of the 5 mg./kg. and the saline groups. 

Phase 1. 

The initial latency measures and the retention-test 30 
latency measures were analyzed by a two-way 
ANOVA, Injection (AF64A/CSF) vs. Treatment 
(AF102B/Saline). Table (v) presents - the mean 
±S.E.M. of the initial latency measures, while Table 
(vi) presents the mean ±S.E.M. of the retention-test 35 
latency measures. 

TABLE (v) 





Initial-test latency measures (sees.) 






Injection 
Treatment 


AF64A 
3 nmole/2 ul 


CSF 
2ul 




40 


AF102B , 
(1 mg.Ag.) 
Saline 


18.40 +/- 3.74 
22.66 +/- 4.43 


15.30 +/- 
15.20 +/- 


2.83 
2.10 






TABLE (vi) 






45 


Retention-test latency measures (sees.) 






Injection 
Treatment 


AF64A 
3 nmole/2 ul 


CSF 
2ul 






AF102B 
(1 rngVltg.) 
Saline 


314.10 +/- 38.21 
182.44 +/- 29.90 


447.60 +/- 
574.30 +/- 


58.09 
16.39 


50 



No significant differences were found, during the 
training trial, between any of the groups tested (see 55 
FIG. 9).: F(l,35)=2.16, p>0.05 for the injection vari- 
able (AF64A/CSF) main effect For the other main 
effect (the two groups to be treated with AF102B or 
saline): F(l,35)=0.29; p>0.05. 

The step-through latency of the AF64A-injected 60 
group was significantly shorter, F(l t 35)= 13.89; 
p<0.01, during the 24 hr. retention test than the CSF- 
injected group's latency. In addition, the step-through 
latency of the AF102B-treated group was significantly 
longer, F(l,35)=4.98; p<0.05, during the 24 hr. reten- 65 
tion test than the saline-treated group's latency. 

Retention of a step-through passive avoidance re- 
sponse of the AF64A-injected group was significantly 



improved by AF102B administration, while that of the 
CSF-injected group was significantly impaired (see 
FIG. 9), F(l,35)=31.18, p<0.01. Shiffe's contrasts of 
the step through latency measures during the retention 
test revealed that all the between-groups differences 
were significant (0.01 <p<0.05) except the AF6- 
4A+AF102B vs. CSF+AF102B difference. 
Phase 2. 

The retention-test latency measures during the ex- 
tinction period was analyzed by a three-way ANOVA 
(6x2x2) with one repeated variable (Trials) and two 
non-repeated variables (Injection — AF64A/CSF and 
Treatment— AF102B/CSF). FIG. 10 shows that the 
step-through latency of the AF64A-injected group was 
significantly shorter, F(l,36)= 16.83; p<0.01, than the 
CSF-injected group's latency. In addition, the step- 
through latency of the AF102B-treated group was sig- 
nificantly longer, F(l,36)=31.45, p<0.01, than the sa- 
line-treated group's latency. Retention of a step 
through-passive avoidance response of both the AF64A 
and the CSF-injected groups, during extinction, was 
significantly improved by AF102B administration. 
F(l,36)= 15.80, p<0.01. Shiffe's contrasts of the step- 
through latency measures during the extinction period 
revealed that all the between-groups differences were 
significant (p<0.01) except the AF64A+AF102B vs. 
CSF+AF102B difference. 

The trials variable main effect during extinction was 
significant, F(5, 180) =2.68, p<0.05. Contrasts analysis 
showed that the retention latency of the second extinc- 
tion trial was significantly longer than the latency of the 
6th trial (p<0.05). there were no other significant dif- 
ferences. 

The interaction between treatment and trials was 
significant, F(5, 180) =3.30, p<0.05. Significant simple 
main effects contrasts were found between the 
AF102B-treated groups and the saline-treated groups 
during all the extinction trials except the first trial. In 
addition, the retention latency extinction curve was 
significantly different from that of the saline-treated 
groups (p<0.05). The retention latency of the AF102B- 
treated groups increased from the first to the fourth trial 
and then decreased. The retention latency of the saline- 
treated groups decreased from the first trial to the sixth 
trial. 

Phase 3. 

A. The retention-test latency measures during the 
"extinction-!- latent extinction" period was analyzed by 
a three-way ANOVA (4x2x2) with one repeated 
variable (Trials) and two non-repeated variables (Injec- 
tion— AF64A/CSF and Treatment AF102B/CSF). No 
significant differences were found during "extinction +- 
latent extinction" period between any of the conditions 
tested, in the retention-test latency measures, although 
the retention latency of the saline-treated AF64A- 
injected group appears to be shorter than the retention 
latency of the three other groups (see FIG. 11). 

B. The retention-test latency measures of the second 
administration of AF102B/Saline were analyzed by a 
two-way ANOVA, Injection (AF64A/CSF) vs. Treat- 
ment (AF102B/Saline). Table (vii) presents the mean 
±S.E.M. of the retention-test latency measures. 
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TABLE (vii) 


Retention-test latency measures (sees.) 
of second administration of AF102B/Saltne 


Injection 
Treatment 


AF64A 
3 nmole/2 ul 


CSF 
2 ut 


AF102B 
(1 mg.Ag.) 
(previously Saline) 
Saline 

(previously AF102B) 


580.40 +/- 18.61 
600 


600 
600 
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removed from the apparatus and a 600 sees, latency was 
recorded for them. 

Phase 1 

27-29 Days after AF64A or CSF injection, each 
group of rats was subjected to the same training and the 
test-retention procedure as in the pretest except that: (a) 
in the training procedure, the rat was treated i.p. with 
saline placebo; (b) the duration of the shock was 3 sees. 



Phase 2 

^ffS^^^T fOUn w followin S the r 13-20 Days after the retention test (40-47 days after 

^^^^^^^^^^ AF64A of CSF injection) the rats were subjected to a 

the groups tested (p> 0.05) (see FIG. 12). The retention , . * * r? i. * i j* 

i„t JT„„ *\*~ c«i;«« a -cca a * j second passive avoidance test. Each rat was placed in 

latency of the Saline-treated AF64-A injected group, 15 A . «; jr * — * , - y , 

previously treated with AF102B, remained in the same the llghted f f on j ^P**™* ™* after a 60 sees, adap- 

level, while the retention latency of the AF102B-treated x&ilon P enod » the latencv to measure the dark com P art " 

AF64A-injected group, previosly treated with saline, ment was measured ' Animals that failed to step through 

increased and reached the level of the CSF-injected ™ thhl 600 were P^hed into the dark compart- 

groups. 20 ment a ^ secs * l atencv was recorded for them. 

Rats were subjected to training and retention-test pro- 

BEHAVORIAL EXPERIMENTS cedures identical to the procedures in phase 1 except 

The present work investigated further the possibility lnat groups treated with saline were now treated with 

of reversal of the AF64A-induced effects by various AF102B (0.1 mg.kg., ip.). 

doses of AF102B in the passive avoidance task and in 25 R Its 

two other tasks, namely, the Morris Swimming Maze ^ 

and the 8- Arm Radial Maze. Mortality and Body Weight 

Passive Avoidance Task Immediately following surgery the AF64A-injected 

- . animals appeared unresponsive to environmental stim- 

txpenment l 30 ^ Qne mlmal (QUt of 2Q ^5^.^^ animals), 

In this experiment we investigated the effect of showed a 2% loss of body weight, and two animals did 

AF102B (0.1 mg.Ag., ip) administration on the perfor- not show an increase in body weight 7 days following 

mance and 24 hours retention of an inhibitory learning injection. No mortality occured in any of the groups, 
(passive avoidance-step through) task in AF64A and 

CSF-injected rats, using a pc*t-training drug treatment 35 Passive Avoidance Test: Pretest 

paradigm. significant differences were found during the 

Surgery training trial between any of the groups tested 

xx 1 c ^ , / ^ ™_ , «. v [F(3,24)=0.22; p>0.05]. 
Male Sprague-Dawley (raised by Charles River) rats, 

90-1 10 days old, weighing 265-340 g. were injected icv. 40 AF102B (0.1 mg.Ag., i.p.) 

Comparison was made between the retention-test 

Zt°l ^ ^"iV latencie * obtained after administration of AF102B (0.1 

control rats were infused with CSF (group 2). Alto- „ j \ , A , * * * 

gether 20 rats were operated. P*"*- f> . (s ^°? d "T^. rete !L tlon - test 

4S latencies obtamed after salme-admimstration (first run- 

Behavorial Testing ning). The retention-test latency measures were ana- 

The behavioral testing procedure comprised two lvzed b V a 2-way ANOVA (2x2) with one repeated 

phases, 1 and 2. In a pretest training procedure each rat vana * e ^^+^^2^ ° nC non - re P eated 

was individually placed in a small lighted front com- vanable [Injection (AF64A/CSF)]. 

partment of a two-compartment box. After a 60 secs. 50 1116 retention la ^ncy of the AF64A-injected group 

familiarization/adaptation period, the door separating was stm significantly shorter [F( 1,1 8) =29.48; p<0.001] 

the two compartments was opened and a clock acti- than the CSF-injected group's latency (see FIG. 13). In 

vated. The rat's latency to enter the large dark compart- addition, the retention latency of the AF102B-treated 

ment of the box (to step-through) was measured. Imme- groups (second running) was significantly longer 

diately following entry into the dark compartment, the 55 [F(l, 18)= 33.71; p<0.001) than the saline-treated 

rat was subjected to an inescapable scrambled foot group's latency (first running). Retention of a step 

shock applied to the grid floor (0.6 mA for 2 sees.). through-Passive Avoidance response of the AF64A- 

Sixty sees, after the termination of the shock, at the end injected group was significantly improved by AF102B 

of the training procedure, the rat was removed from the administration [A(l, 18) =33.27; p<0.001) while that of 

dark compartment and saline placebo was administered 60 the CSF-injected group did not significantly change by 

i.p. Rats were then returned to their home cage. Reten- this treatment Indeed, since latencies of CSF treated 

tion of the passive avoidance task was measured 24 hr. rats were already close to 600 sees., no change was 

after training by again placing the rat in the lighted really expected. Shiffee's contrasts revealed that AF6- 

front compartment, and after a 60 secs. adaptation per- 4A+AF102B vs. AF64A+ saline difference and AF6- 

iod, measuring the latency to enter the dark compart- 65 4A+ saline vs. CSF + saline difference were significant 

ment The test session ended when a rat entered the (p<0.001). It is pointed out, however, that the improve- 

dark compartment or after 600 secs. had elapsed. Ani- ment of the AF64A-injected group by AF102B admin- 

mals that failed to step through within 600 secs. were istration was recorded, in this case, after a second 
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shock, a fact which might have influenced the improve- 
ment in retention. 

Experiment 2 

This experiment investigated the effect of AF102B 
(p.o.) administration on the performance and 24 hours 
retention of an inhibitory learning (Passive Avoidance 
step-through) task, in AF64A- and CSF-injected rats, 
using post-training treatment paradigm. 

Method 
Surgery 

The surgery procedure was identical to the surgery 
procedure in Experiment 1, except: (1) the weight of the 
operated rats was 265-320 g.; (2) 10 rats were infused 
with 3 nmole of AF64A in a volume of 2 ul, into each 
lateral ventricle (group 1) and 10 control rats were 
infused with 2 volumes of 2 ul of CSF into each lateral 
ventricle (group 2). Altogether 20 rats were operated. 

Behavioral Testing 

The behavioral testing procedure comprised 2 pha- 
ses. 
Phase 1 

The training and test-retention procedures of phase 1 
were identical to the procedures of phase 1 in Experi- 
ment 1 except that: (1) each group of rats was post-oper- 
atively subdivided; and (2) at the end of the training 
procedure the rat was removed from the dark compart- 
ment and AF102B (1 mg./kg., p.o.) or saline were ad- 
ministered. 

Phase 2 

19-22 Days after the retention test (49 days after 
AF64A or CSF injection) the saline-treated rats only 
were subjected to a second running. The training and 
test-retention procedures were identical to the proce- 
dures in phase 2 of Experiment 1 except that the two 
subgroups treated in phase 1 with saline were now 
treated with AF102B (1 mg./kg., p.o.). 

Results 

Phase 1 

The initial latency measures of the AF64A- and CSF- 
injected groups were analyzed by a t-test for indepen- 
dent samples. The following tables present respectively 
(a) the means ±S.E.M. of the initial latency measures 
and (b) the means ±S.E.M. of the retention-test latency 
measures. 
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(a) Initial-test latency measures (sees.) 


AF64A 


CSF 


3 nmole/2 ul/side 


2 ul/sidc 


19.0 +/- 2.18 


18.86 +/- 2.07 


(b) Retention-test latency n 


measures (sees.) 


Injection AF64A 


. CSF 


Treatment 3 nmole/2 ul/stde 


2 ul/side 


AF102B 524.55 +/- 45.60 


600 


Saline 168.90 +/- 28.91 


548.90 +/- 48.51 
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No significant differences were found during the 
training trial, between the AF64A- and CSF-injected 
groups (see FIG. 14), t(57)=0.05; p>0.05. The first 
analysis of the retention latency measures showed that 
the step-through latency of the AF64A-injected group 65 
was significantly shorter [F( 1,36) =37.01; p< 0.001] (see 
FIG. 14) during the 24 hr. retention test than the CSF- 
injected group's latency. 



The second analysis of the retention latency measures 
showed that the step-through latency % of the AF64A- 
injected group was significantly shorter 
[F(l,35)=37.93; p<0.001] (see FIG. 14) during the 24 
hr. retention test than the CSF-injected group's latency. 
In addition, the step-through latency of the AF102B- 
treated group was significantly longer [F( 1,35) =28.46; 
p< 0.001] than the saline treated group's latency. Reten- 
tion of a step-through passive avoidance response of the 
AF64A-injected group was significantly improved by 
AF102B administration [F(l,35)= 13.94; p<0.001] 
while there was no significant difference between the 
AF102B-treated-CSF-injected group and the saline- 
treated-CSF-injected group. Shiffee contrasts revealed 
that the AF64A+AF102B vs. AF64A+ saline differ- 
ence was significant (p< 0.001). 

Phase 2 

In a first analysis, the retention-test latency measures 
before the shock administration in the second running 
were compared to the retention-test latency measures 
during the first running. The retention-test latency mea- 
sures were analyzed by a 2- way ANOVA (2x2) with 
one repeated variable (running) and one non-repeated 
variable [injection (AF64A/CSF)]. The retention la- 
tency of the AF64A-injected group was still signifi- 
cantly shorter [F(l, 18) =49.51; p<0.001) 19-22 days 
after the first running, than the CSF-injected group's 
latency (see FIG. 15). There was neither a significant 
running effect [F(l,18)=0.91; p>0.05) nor a significant 
interaction effect [F( 1,1 8) =1.28; p>0.05). 

In the second analysis the retention-test latency mea- 
sures after the shock administration during the second 
running wer compared to the retention-test latency 
measures during the first running. The retention-test 
latency measures were analyzed by a 2-way ANOVA 
(2x2) with one repeated variable (running + treatment) 
and one non-repeated variable [injection (AF6- 
4A/CSF]. The retention latency of the AF64A-injected 
group was still significantly shorter tF(l,18)=40.81, 
p<0.001) than the CSF-injected group's latency (see 
FIG. 15). In addition, the retention latency of the 
AF102B treated group (second running) was signifi- 
cantly longer [F(l,18)=65.71; p<0.001] than the la- 
tency of the saline-treated group (first running). Reten- 
tion of a step through-passive avoidance response of the 
AF64A-injected group was significantly improved by 
AF102B administration [F(l,18)=40.81; p<0.001] 
while that of the CSF-injected group did not signifi- 
cantly change by this treatment. Shiffee contracts re- 
vealed that the difference of AF64A+AF102B vs. 
AF64A+ saline was significant. 

Morris Swimming Maze 

Cholinergic deficiency, as well as treatments with 
anticholinergic drugs, were shown to impair memory 
and learning processes associated with spatial orienta- 
tion (Sutherland et al, J. Coxnp. Physiol. Psychol. 96: 
563-73, 1982). In this respect, the water-maze (Morris, 
Learning and Motivation, 12: 239-61, 1978) seemed to 
be a suitable behavioral paradigm for the detection of 
cognitive impairments induced by AF64A in rats, and 
of their reversal by cholinergic drugs. Since physostig- 
mine is currently one of the few cholinergic drugs used 
in Alzheimer's patients, it was selected for preliminary 
testing of its effects on AF64A treated rats. 

38 male Sprague Dawley rats (raised by Charles 
River) 5-6 months old with an average weight of 500 g. 
were used. The rats were housed in groups of 5 and 



were given free access to food and water. Testing was 
carried out in a round white metal tub 1.4 m. diameter 
and 0.4 m. deep. The tub was filled with water, made 
opaque by milk powder to the level of 18 cm. A plat- 
form of 12 cm. diameter and at a height of 16 cm. was 5 . 
placed in the tub 2 cm. below water level. The platform 
was covered with gauze to prevent the animal from 
slipping back into the water after reaching the platform. 

Prior to testing, the rat was placed on the platform 
for 120 sees., placed gently into the water, facing the 10 
wall of the pool, at one of four starting locations (north, 
south, east or west) around the pool's perimeter. Within 
each block of four trials, each rat was started at each of 
the four starting locations, with the sequence of starting 
locations randomly selected. Testing was carried out on IS 
2 consecutive days with each rat submitted daily to 
eight trials. During trials 1-12 the platform was located 
in the center of the south-east quadrant and during trials 
13-16 the platform was transferred to the center of the 
north-west quadrant. If in a particular trial the rat found 20 
the platform, it was permitted to remain on it for 60 
sees, before starting the next trial. If a rat failed to find 
the platform, the trial was terminated after a cut-off 
time of 120 sees., and subsequently was put on it for 60 
sees, before starting the next trial. The latency to find 25 
the platform was measured. 

For drug testing, rats were injected with AF64A or 
CSF (3 nmole/2 ul/side) as described in Experiment 2 f 
above. The rats were subjected first to a step-through 
learning procedure (see Experiment 1, above) and were 30 
3-3.5 months after injection when tested in the water 
maze. The rats were divided into 4 groups; 18 CSF- 
injected rats were treated either with physostigmine 
(0.1 mgVkg. ip) (10 rats) or with saline (8 rats). 20 AF6- 
4A-injected rats were divided similarly. The rats were 35 
injected with physostigmine immediately before testing 
on each day. 

Results. 

The escape latency was analyzed by a 3-way 
ANOVA (4x2x2) with one repeated variable (trials) 40 
and two non-repeated variables (Injection — AF6- 
4A/CSF and Treatment— physostigmine/saline). Table 
(viii) presents the escape-latency of the groups tested. 
FIG. 16 depicts that AF64A injected rats showed an 
increase in escape latency (in seconds) relative to CSF 45 
treated rats. This effect is highly significant, 
F(l,34)= 14.88, p<0.001. The initial escape-latency for 
all four groups was similar. However, the escape- 
latency of the CSF-treated rats decreased faster than 
the escape-latency of the AF64A rats. Physostigmine 50 
apparently impaired the performance of both AF64A 
and CSF-injected groups, compared with non-treated 
AF64A and CSF-injected groups but this result was not 
statistically significant The trials effect was statistically 
significant, F( 15,5 10)= 5.9, p< 0.001. In addition, a sig- 55 
nificant interaction between trials and physostigmine 
was found, F(15,510)=4.3 f p<0.001; physostigmine 
inhibited the decrease of the escape-latency curve, re- 
gardless of the injected group. 

When similar Morris Swimming Maze experiments 60 
were carried out on AF102B (1 mg.Ag., ip), it was . 
found that this compound definitely improved the mem- 
ory deficits induced by AF64A (FIG. 17), whereas 
physostigmine (0.1 mg.Ag., ip) had a negative effect 
The beneficial effects of AF102B in this test were on 65 
spatial memory dysfunctions induced by AF64A. It is 
noteworthy that in this respect, a main memory dys- 
function in SDAT patients is impairment of spatial 
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memory. Details of these experiments are given in the 
description which follows. 

Morris Water Maze: Method and Results a. Subjects 

Forty male Sprague-Dawley rats (obtained from 
Charles River Breeding Laboratories U.K.), 5-6 
months old, weighing 450-580 g. during the experiment 
served as subjects. Rats were housed in groups of 5 and 
were given free access to food and water. 2.5-3.5 
months before behavioral testing, rats were injected 
with AF64A (3 nmole/2 ul/side) (20 rats-group 1) or 
CSF (20 rats-group 2) as described in the surgery proce- 
dure. 

(b) Drug Administration 

Each of the injected groups was randomly subdi- 
vided into two equal size treatment groups. At the end 
of the training procedure, in the first and second day of 
behavioral testing, one of the AF64A-injected sub- 
groups and one of the CSF-injected subgroups (n=20) 
were treated with AF102B dissolved in saline (1 
mg.Ag., i.p.) while the other two subgroups (n=20) 
were treated with saline. 

AF102B (1 mg./kg., i.p.) 

The escape latency of this treatment was analysed by 
a 3-way ANOVA (4x2x2) with one repeated variable 
(trials) and two non-repeated variables [injection (AF6- 
4A/CSF) and treatment (AF102B/saline]. FIG. 17 de- 
picts that AF64A-injected rats showed a significant 
increase in escape latency relative to CSF-injected rats 
[F(l,36)= 11,26; p<0.005]. In addition, AF102B- 
treated rats showed a significant decrease in escape 
latency relative to saline treated rats [F( 1,36) =4.89; 
p<0.05] regardless of the groups injected. The trials 
effect was statistically significant [F(5, 180)= 33.34; 
p<0.001]; in addition, a significant interaction between 
trials and injection was found [F(5, 180) =5,53; 
p<0,001); the escape latency of the CSF-injected rats 
decreased faster than the escape latency of the AF64A- 
injected rats. 

8-Arm Radial Arm Maze 
Introduction 

In the 8-Arm Radial Arm Maze, AF64A (3 nmole/2 
ul/side) induces memory impairments. In this study, the 
effects of AF102B and physostigmine were evaluated in 
AF64A- and CSF-treated rats. Experiments were car- 
ried out on the effect of AF102B (5 mg.Ag., ip), as well 
as on physostigmine (0. 1 mg./kg., ip), in both cases on 
trained rats with 2 hours delay. 

Method 

In all experiments Sprague Dawley rats were used 
(Charles River Breeding Laboratories U.K.); they were 
housed individually and were deprived of food until 
reaching 85% of their free feeding weight The room 
was illuminated 12 hours per day (6:00 to 18:00) and 
behavorial training and testing sessions were carried out 
during the day. After reaching 85% of free feeding 
weight, rats received 3 food pellets (Labena) per day 
and had free access to water. Two days before training 
began, animals were faimilarized with 45 mg. precision 
pellets (Bioserv Inc) which were later used for rein- 
forcement in the maze. 

The same surgery procedure was used as in the pas- 
sive avoidance and Morris Swimming Maze tests. 
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A group of 20 rats, which were first used in a passive 
avoidance test, were trained in the new maze 7 weeks 
post injection. Following 6 days of training a period of 5 
2 hours delay was inserted. Rats were allowed to collect 
4 pellets, then they were returned from the maze to 
their cages. After 4 hours delay they were put back in 
the maze until they collected the remaining 4 pellets or 
until 5 minutes had elapsed. 

Experiment 1 

The same group of rats was injected with AF102B (5 
mg./kg., ip) or saline (1 ml./kg., ip), immediately fol- 
lowing picking the first 4 baits. The effects on perfor- 
mance were tested 2 hours post injection. Each rat 
received both treatments twice. A 1 day interval was 
given between the AF102B treatment and the saline 
treatment and two days between the sets of treatments. 
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Experiment 2 20 

A week later, the same group of rats was injected 
with physostigmine (0.1 mg./kg., ip) or saline (1 
ml./kg., ip), immediately following picking the first 4 
baits. The effects on performance were tested 2 hours 25 
post injection. 

Results and Discussion 

Experiment 1 

The treatment with AF102B (5 mg.Ag., ip) immedi- 
ately following completion of the first four choices had 
a significant effect on performance (FIG. 18). Analysis 
of the results in a 2 factors mixed design: repeated mea- 
sures on one factor showed a significant (p< 0.001, 
F= 17.5) decrease in the mean number of errors for the 35 
AF64A injected rats when compared to their controls 
(AF64A injected rats treated with saline). A significant 
effect (p<0.005, F=14.5) was found between trials 
(treatment with AF102B vs. saline) and conditions 
(AF64A icv injections vs. CSF icv injections). The 40 
AF102B treatment improved performance only when 
rats were previously injected icv with AF64A. 

Experiment 2 

Treatment with physostigmine (0.1 mg.Ag., ip) had 45 
no significant effect on the performance of the rats 
(p>0.05, F=4.03) (FIG. 19) although there is a ten- 
dency for an apparent improvement following physo- 
stigmine. However, the differences between the AF64A 
injected rats and the CSF injected rats remained signifi- 
cant (p<0.005, F= 11.4). 

Conclusions 

The Radial Arm Maze procedure has been extremely 
successful in proving that: (1) there is a significant dif- 
ference in the performance of AF64A as compared with 
the CSF-treated rats, and (2) memory impairment could 
be reversed by AF102B (5 mg.Ag., ip). 



pine (Mi-antagonist) and AF102B (Mi-agonist). For 
both compounds, memory impairments (induced by 
pirenzepine) and reversal of AF64A-induced memory 
impairments (caused by AF102B) occur at much lower 
doses than needed to antagonize central effects induced 
by oxotremorine (in the case of pirenzepine) or to in- 
duce the same kind of central side effects (in the case of 
AF102B). 

Thus, cognitive functions mediated by an Mi -antago- 
nist (pirenzepine) or an Mi-agonist (AF102B) are more 
sensitive to such cholinergic interventions than other 
central effects such as tremors or antinociception. This 
finding is extremely important since it can be used to 
explain why AF102B has such a remarkable selectivity 
and why it can be considered as an excellent candidate 
for a drug in SDAT. 

oxotremorine in various in vivo and in vitro tests. 



Test 



Pirenzepine (PNZ) 
(Mi-antagonist) 
ug/mousc, icv 



AF102B 
(Mt -agonist) 
mg.Ag.. rats* 



passive avoidance 



antinociception 



0.1(a) 
5.8(c) 

4.6(c) 



0.1-1 ipCb) 
lpo(b) 

> 60-80 ip'*(d) 
>78 ip(d) 
>100 po(d) 
60 po"(d) 
20ip»*(d) 



in 


Oxotremorine 


AF102B 


EC50.M 






l 3 H]— PNZ-binding 


8 X I0- 7 


4 x 10- 7 


l 3 H]-QNB-binding 


3 X 10- 6 


io- s 



notes: 

"unless otherwise indicated 
••mice 

(a) minimum effective dose of PNZ producing impaired passive avoidance learning. 

(b) effective dose of AF102B producing reversal of AF64A (3 nmol/side, icv). 
induced impaired passive avoidance learning (the minimum effective dose can be 
lower for the po route of administration). 

(c) dose of PNZ required to reduce the effect of oxotremorine (0.5 ragWg.. ip) by 
50% (Caulfteld et at J. Phann. Pharmacol 35: 131-2 (1983)]. 

(d) tremors and antinociception (analgesia) induced by AF102B in mice and rats; 
these effects are observed around the toxic doses of the compound (antinoctception 
b performed by the tail-flick test in mice). 

While the invention has been particularly described 
with respect to certain presently preferred embodi- 
ments, it will be appreciated by those skilled in the art 
that many modifications and variations can be made. 
Accordingly, the invention is not to be construed as 
limited by these embodiments, rather it is to be defined 
50 only by the claims which follow. 
We claim: 

1. A compound of the formula (I) 
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SUMMARY OF BEHAVORIAL STUDIES 
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The table which follows summarizes the relevant 
data regarding AF102B, oxotremorine and pirenzepine, 
illustrating the outstanding properties of the compound 
of the invention as an apparent Mi -type agonist. Al- 
though experiments were not performed in all the tests 65 
in the same species (mice or rats) and under the same 
experimental conditions, a striking parallelism in the 
relative activity profiles does appear between pirenze- 



and geometrical isomers, enantiomers, diastereo iso- 
mers, racemates and/or acid addition salts thereof, 
wherein R 1 is selected from the group consisting of 
hydrogen, lower alkyl, cyclopentyl, cyclohexyl, 
phenyl, diphenylmethylol and lower alkyl which is 
substituted by one or two phenyl groups and R is se- 
lected from the group consisting of lower alkyl, cyclo- 
pentyl, cyclohexyl, phenyl, diphenylmethylol and 
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'lower afkyl which is substituted by one or two phenyl which R 1 is phenyl, and R 2 is selected from the group 

g r0U p S . consisting of ethyl, cyclohexyi and phenyl 

2. A compound according to claim 1, wherein R l is 23. A pharmaceutical composition according to claim 
hydrogen, and R 2 is selected from the group consisting 17, wherein the compound of formula (I) is that in 
of lower alkyl, cyclopentyl, cyclohexyi, phenyl, di- 5. which R is hydrogen, and R 2 is selected from the group 
phenylmethylol and lower alkyl which is substituted by consisting of methyl and ethyl. 

one or two phenyl groups. A pharmaceutical composition according to claim 

3. A compound according to claim 1, wherein R» is H. wherein the compound of formula (I) is that defined 
selected from the group consisting of lower alkyl, cy- m claim . 
clopentyl and cyclohexyi, and R 2 is selected from the 10 25. A pharmaceutical composition according to claim 
group consisting of lower alkyl, cyclopentyl, cyclo- 24, further comprising .one or more compounds selected 
hexyl, phenyl, diphenylmethylol and lower alkyl which rom the group consisting of physosttgmine, tetrahy- 
is substituted by one or two phenyl groups. droanunoacndine, choline, lecithin^ piracetam , anirace. 

4. A compound according to claim 1, wherein R* is tarn, pramiracetam oxiracetam 4-aminopyndine, 3,4- 
phenyl, and R 2 is selected from the group consisting of 15 diaminopyndme and somatostatin. 

pncnyj, ana » !r , , "J , K V V v- u v 26. A pharmaceutical composition according to claim 
phenyl, diphenylmethylol and lower alkyl which is P und ^ f fonnula m f s that in 

subsumed by one or two phenyl groups. which R 2 is selected from the group consisting of lower 

5. A compound according to claim 2, wherein R> is containing at leas t three carbon atoms, cyclopen- 
hydrogen and R 2 is methyl. 20 tyl, cyclohexyi, phenyl, diphenylmethylol and lower 

6 A compound according to claim 2, wherein R' is £ s y ubstitut ; d b F y one or tw0 phenyl groups , and R i is 
hydrogen and R* is phenyl. selected ffom the consisting of hydrogen, lower 

7. A compound according to claim 2, wherem Ri is u cyclopentyl, cyclohexyi, phenyl, diphenylme- 
hydrogen and R z is diphenylmethyl. th - ol ^ lower alk { subst i tu ted by one or two phenyl 

8. A compound according to claim 2, wherein R l is 25 „ m<p& 

hydrogen and R 2 is selected from the group consisting ^ ^ pharmaceutical composition according to claim 
of ethyl, propyl and diphenylmethylol. 2 6, whe rein t he compound formula (I) is that in which 

9. A compound according to claim 3, wherein R 1 is Rl ^ etnyl ^ R 2 & phenyl. 

methyl and R 2 is phenyl. 28. A pharmaceutical composition according to claim 

10. A compound according to claim 3, wherein R 2 is 3Q 26( wher ein the compound of formula (I) is that in 
phenyl and R 1 is selected from the group consisting of which R i ^ hydrogen and R 2 is diphenylmethyl. 
ethyl and cyclohexyi. 29. A pharmaceutical composition according to claim 

11. A compound according to claim 4, wherein R l 2 6, wherein the compound of formula (I) is that in 
and R 2 are each phenyl. wn j cn Rl is hydrogen, and R 2 is selected from the group 

12. The geometrical isomer of the compound accord- 35 consisting of propyl, phenyl, and diphenylmethylol. 
ing to claim 5, the hydrochloric acid salt of which has 30. a method for treating diseases of the central ner- 
the relatively lower melting-point (the cis-isomer). vous system in mammals, comprising adniinistering to 

13. The geometrical isomer of the compound accord- the mammal a compound of formula (I) according to 
ing to claim 5, the hydrochloric acid salt of which has claim 1 or a pharmaceutically compatible acid addition 
the relatively higher melting-point (the trans-isomer). 40 5^ thereof. 

14. The hydrochloric acid salt of the compound ac- 31. a method for treating diseases of the central ner- 
cording to claim 5. vous system in mammals, comprising administering to 

15. The relatively lower melting-point geometrical t he ^animal a pharmaceutical composition according 
isomer (the cis-isomer) of the compound according to t o in claim 17. 

claim 14. 45 32. A method for treating diseases of the central ner- 

16. The relatively higher melting-point geometrical vous system is mammals, comprising transdermal ad- 
isomer (the trans-isomer) of the compound according to ministration to the mammal of a compound of formula 
claim 14. (I) according to claim 1 or a pharmaceutically compati- 

17. A pharmaceutical composition comprising a com- ble acid addition salt thereof. 

pound of fonnula (I) according to claim l t or a pharma- 50 33. A method for treating diseases due to a deficiency 

ceutically compatible acid addition salt thereof, to- in the central cholinergic system in mammals , compris- 

gether with an inert carrier or diluent. ing administering to the mammal a compound accord- 

18. A pharmaceutical composition according to claim ing to claim 2, wherein R 1 is hydrogen and R 2 is methyl, 
17, which is in a form suitable for oral, rectal or paren- or geometrical isomers, enantiomers, racemates or acid 
teral administration, or for adininistration by insuffla- 55 addition salts thereof. 

tion. 34. A method for treating diseases due to a deficiency 

19. A pharmaceutical composition according to claim in the central cholinergic system in m a mm a l s, compris- 
17, which is in a form suitable for transdermal adminis- ing administering to the mamm a l a pharmaceutical com- 
tration. position containing a compound according to claim 2, 

20. A pharmaceutical composition according to claim 60 wherein R 1 is hydrogen and R 2 is methyl, or geometri- 
17, which is in unit dosage form. cal isomers, enantiomers, racemates or acid addition 

21. A pharmaceutical composition for transdermal salts thereof, together with an inert carrier or diluent, 
administration, comprising a compound of fonnula (0 35. A method for treating diseases due to a deficiency 
according to claim 1, or a pharmaceutically compatible in the central cholinergic system in m a mma l s , compris- 
acid addition salt thereof, and a low molecular weight 65 ing transdermal administration to the mammal of a corn- 
fatty acid. pound according to claim 2, wherein R' is hydrogen 

22. A pharmaceutical composition according to claim and R 2 is methyl, or geometrical isomers, enantiomers, 
17, wherein the compound of formula (I) is that in racemates or acid addition salts thereof. 
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36. A method for treating diseases due to cholinergic 
hyperfunction in mammals, comprising administering to 
the mammal a compound of formula (I) according to 
claim 1 or a pharmaceutical^ compatible acid addition 
salt thereof, wherein R 2 is selected from the group con- 
sisting of lower alkyl containing at least three carbon 
atoms, cyclopentyl, cyclohexyl, phenyl, diphenylme- 
thylol and lower alkyl substituted by one or two phenyl 
groups, and R l is selected from the group consisting of 
hydrogen, lower alkyl, cyclopentyl, cyclohexyl, 
phenyl, diphenylmethylol and alkyl substituted by one 
or two phenyl groups. 

37. A method for treating diseases due to cholinergic 
hyperfunction in mammals, comprising administering to 
the mammal a pharmaceutical composition containing a 
compound of formula (I) according to claim 1 or a 
pharmaceutically compatible acid addition salt thereof, 
wherein R 2 is selected from the group consisting of 
lower alkyl containing at least three carbon atoms, cy- 
clopentyl, cyclohexyl, phenyl, diphenylmethylol and 
lower alkyl substituted by one or two phenyl groups, 
and R 1 is selected from the group consisting of hydro- 
gen, lower alkyl, cyclopentyl, cyclohexyl, phenyl, di- 
phenylmethylol and alkyl substituted by one or two ^ 
phenyl groups, together with an inert carrier or diluent. 

38. A method for treating diseases due to cholinergic 
hyperfunction in mammals, comprising transdermal 
administration to the mammal of a compound of for- 
mula (I) or a pharmaceutically compatible acid addition 
salt thereof, wherein R 2 is selected from the group con- 
sisting of lower alkyl containing at least three carbon 
atoms, cyclopentyl, cyclohexyl, phenyl, diphenylme- 
thylol and lower alkyl substituted by one or two phenyl 
groups, and R 1 is selected from the group consisting of 35 
hydrogen, lower alkyl, cyclopentyl, cyclohexyl, 
phenyl, diphenylmethylol and lower alkyl substituted 
by one or two phenyl groups. 

39. A method of treating diseases due to cholinergic 
hyperfunction in mammals, comprising administering to 
the mammal a compound according to claim 7, or a 
pharmaceutically compatible acid addition salt thereof. 

40. A method for treating diseases due to cholinergic 
hyperfunction in mammals, comprising administering to 
the mammal a pharmaceutical composition containing a 
compound according to claim 7, or a pharmaceutically 
compatible acid addition salt thereof, together with an 
inert carrier or diluent. 

41. A method for treating diseases due to a deficiency 
in the central cholinergic system in mammals, compris- 
ing transdermal administration to the mammal of a com- 
pound according to claim 7, or a pharmaceutically com- 
patible acid addition salt thereof. 

42. A method for treating diseases due to cholinergic 
hyperfunction in mammals, comprising administering to 
the mammal a compound according to claim 9, or a 
pharmaceutically compatible acid addition salt thereof. 

43. A method for treating diseases due to cholinergic 
hyperfunction in mammals, comprising administering to 
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45. A method for treating senile dementia of Alzhei- 
mer's type, comprising administering to a patient a com- 
pound according to claim 13, or pharmaceutically com- 
patible acid addition salt thereof. 

46. A method for treating senile dementia of Alzhei- 
mer's type, comprising administering to a patient a 
pharmaceutical composition containing a compound 
according to claim 12, or a pharmaceutically compati- 
ble acid addition salt thereof, together with an inert 
carrier or diluent. 

47. A method for treating senile dementia of Alzhei- 
mer's type, comprising transdermal administration to a 
patient of a compound according to claim 12, or a phar- 
maceutically compatible acid addition salt thereof. 

48. A method according to claim 45 wherein there is 
coadministered with said compound, one or more com- 
pounds selected from the group consisting of physostig- 
mine, tetrahydroaminoacridine, choline, lecithin, 
piracetam, aniracetam, pramiracetam, oxiracetam, 4- 
aminopyridine, 3,4-diaminopyridine and somatostatin. 

49. A method according to claim 46 wherein there is 
coadministered with said compound, one or more com- 
pounds selected from the group consisting of physostig- 
mine, tetrahydroaminoacridine, choline, lecithin, 
piracetam, aniracetam, pramiracetam, oxiracetam, 4- 
aminopyridine, 3,4-diaminopyridine and somatostatin. 

50. A method according to claim 47 wherein there is 
coadministered with said compound, one or more com- 
pounds selected from the group consisting of physostig- 
mine, tetrahydroaminoacridine, 4-aminopyridine and 
3,4-diaminopyridine. 

51. A pharmaceutical composition in unit dosage 
form comprising a compound of formula (I) according 
to claim 1, or a pharmaceutically compatible acid addi- 
tion salt thereof, in an amount ranging from about 0.5 to 
about 500 mg., together with an inert carrier or diluent. 

52. A pharmaceutical composition according to claim 

51 comprising the said compound, or a pharmaceuti- 
cally compatible acid addition salt thereof, in an amount 
in the range of about 5 to about 100 mg. 

53. A pharmaceutical composition according to claim 

52 comprising the said compound, or a pharmaceuti- 
cally compatible acid addition salt thereof, in an amount 
in the range of about 10 to about 50 mg. 

54. A pharmaceutical composition according to claim 
51, further comprising one or more compounds selected 
from the group consisting of physostigmine, tetrahy- 
droaminoacridine, choline, lecithin, piracetam, anirace- 
tam, pramiracetam, oxiracetam, 4-aminopyridine, 3,4- 
diaminopyridine and somatostatin. 

55. A pharmaceutical composition according to claim 
51, wherein the composition is adapted for oral adminis- 
tration. 

56. A pharmaceutical composition according to claim 
51, wherein the composition is adapted for parenteral 
administration. 

57. A method for treating senile dementia of Alzhei- 
mer's type, comprising orally administering to a patient 
a compound according to claim 12, or a pharmaccuti- 



the mflmmnl a pharmaceutical composition containing a 60 cally compatible acid addition salt thereof, in an amount 
compound according to claim 9, or a pharmaceutically 
compatible acid addition salt thereof, together with an 
inert carrier or diluent. 

44. A method for treating diseases due to cholinergic 
hyperfunction in mammals, comprising transdermal 65 
administration to the mammal of a compound according 
to claim 9, or a pharmaceutically compatible acid addi- 
tion salt thereof. 



ranging from about 0.1 to about 60 mg.Ag. body 
weight 

58. A method according to claim 57 wherein said 
amount ranges from about 0.5 to about 10 mg./kg. body 
weight. 

59. A method according to claim 58 wherein said 
amount ranges from about 1 to about 5 mg.Ag. body 
weight. 
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60. A method according to claim 57, wherein there is 
coadministered with the said compound, one or more 
compounds selected from the group consisting of phy- 
sostigmine, tetrahydroaminoacridine, choline, lecithin, 5 
piracetam, aniracetam, pramiracetam, oxiracetam, 4- 
aminopyridine, 3,4-diaminopyridine and somatostatin. 

61. A method according to claim 59, wherein admin- 
istration is by means of a pharmaceutical composition in ^ 
unit dosage form comprising the said compound in an 
amount about 0.5 to about 500 mg., together with an 
inert carrier or diluent. 

62. A method for treating senile dementia of Alzhei- 
mer's type, comprising parenterally administering to a 15 
patient a compound according to claim 12, or a pharma- 
ceutical^ compatible acid addition salt thereof, in an 
amount ranging from about 0.01 to about 40 mg.Ag. 
body weight. 20 



63. A method according to claim 62 wherein said 
amount ranges from about 0.05 to about 5 mg.Ag. body 
weight. 

64. ' A method according to claim 63 wherein said 
amount ranges from about 0.1 to about 2 mg.Ag. body 
weight. 

65. A method according to claim 62, wherein there is 
coadministered with the said compound, one or more 
compounds selected from the group consisting of phy- 
sostigmine, tetrahydroaminoacridine, choline, lecithin, 
piracetam, aniracetam, pramiracetam, oxiracetam, 4- 
aminopyridine, 3,4-diaminopyridine and somatostatin. 

66. A method according to claim 62, wherein admin- 
istration is by means of a pharmaceutical composition in 
unit dosage form comprising the said compound in an 
amount ranging from about 0.5 to about 500 mg., to- 
gether with an inert carrier or diluent. 

67. The compound 3-hydroxy-3-mercaptomethyl 
quinuclidine. 
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EXHIBIT 3 



EVOXAC™ Capsules 
(cevimeline hydrochloride) 



DESCRIPTION 



Cevimeline is cls-2-methylspiro (1-azabicycio [2.2.2] octane - 3, 5' -[1 3] oxathiolane 
hydrochloride, hydrate (2:1). Its empirical formula is C 10 H,7NOS.HCI.1/2H 2 O and its 
structural formula is: 



Cevimeline has a molecular weight of 244.79. It is a white to off white crystalline 
powder with a melting point range of 201 to 203°C. It is freely soluble in alcohol and 
chloroform, very soluble in water, and virtually insoluble in ether. The pH of a 1% 
solution ranges from 4.6 to 5.6. Inactive ingredients include lactose monohydrate 
hydroxypropyl cellulose, and magnesium stearate. 

CLINICAL PHARMACOLOGY 



Pharmacodynamics 

Cevimeline is a cholinergic agonist which binds to muscarinic receptors. Muscarinic 
agonists in sufficient dosage can increase secretion of exocrine glands, such as saliv 
and sweat glands and increase tone of the smooth muscle in the gastrointestinal and 
urinary tracts. 



Pharmacokinetics 

Absorption: After administration of a single 30 mg capsule, cevimeline was rapidly 
absorbed with a mean time to peak concentration of 1.5 to 2 hours. No accumulation of 
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active drug or its metabolites was observed following multiple close administration. 
When administered with food, there is a decrease in the rate of absorption, with a 
fasting T^Axof 1.53 hours and a T of 2.86 hours after a meal; the peak concentration 
is reduced by -17.3%. Single oral doses across the clinical dose range are dose 
proportional. 

Distribution: Cevimeline has a volume of distribution of approximately 6LAg and is 
<20% bound to human plasma proteins. This suggests that cevimeline is extensively 
bound to tissues; however, the specific binding sites are unknown. 

Metabolism: Isozymes CYP2D6 and CYP3A3/4 are responsible for the metabolism of 
cevimeline. After 24 hours 86.7% of the dose was recovered (1 6.0% Unchanged, 
44.5% as cis and trans-sulfoxide, 22.3% of the dose as glucuronic acid conjugate and 
4% of the dose as N-oxide of cevimeline). Approximately 8% of the trans-su If oxide 
metabolite is then converted into the corresponding glucuronic arid conjugate and 
eliminated. Cevimeline did not inhibit cytochrome P450 isozymes 1A2, 2A6, 2C9, 2C19 
2D6, 2E1,and3A4. 

Excretion: The mean half-life of cevimeline is 5+A1 hours. After 24 hours, 84% of a 30 
mg dose of cevimeline was excreted in urine. After seven days, 97% of the dose was 
recovered in the urine and 0.5% was recovered in the feces. 

Special Populations: The effects of renal impairment, hepatic impairment, or ethnicity on 
the pharmacokinetics of cevimeline have not been investigated. 

Clinical Studies 

Cevimeline has been shown to improve the symptoms of dry mouth in patients with 
Sjogren's Syndrome. 

A 6-week, randomized, double blind, placebo-controlled study was conducted in 75 
patients <10 men, 65 women) with a mean age of 53.6 years (range 33-75). The racial 
distribution was Caucasian 92%, Black 1% and other 7%. The effects of cevimeline at 
30 mg tid (90 mg/day) and 60 mg tid (180 mg/day) were compared to those of placebo. 
Patients were evaluated by a measure called global improvement, which is defined as a 
response of "better" to the question, "Please rate the overall condition of your dry mouth 
now compared with how you felt before starting treatment in this study." Patients also 
had the option of selecting "worse" or "no change" as answers. Seventy-six percent of 
the patients in the 30 mg tid group reported a global improvement in their dry mouth 
symptoms compared to 35% of the patients in the placebo group. This difference was 
statistically significant at p = 0.0043. There was no evidence that patients in the 60 mg 
tid group had better global evaluation scores than the patients in the 30 mg tid group. 

2 
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A 12-week, randomized, double-blind, placebo-controlled study was conducted in 197 
patiems (10 men, 187 women) with a mean age of 54.5 years (range 23-74). The racial 
distribution was Caucasian 91.4%, Black 3%, and other 5.6%. The effects of cevimeline 
at 15 mg tid (45 mg/day) and 30 mg tid (90 mg/day) were compared to those of placebo. 
Statistically significant global improvement in the symptoms of dry mouth (p=0.0004) 
was seen for the 30 mg tid group compared to placebo, but not for the 15 mg group 
compared to placebo. Salivary flow showed statistically significant increases at both 
doses of cevimeline during the study compared to placebo. 

A second 12-week, randomized, double-blind, placebo-controlled study was conducted 
in 212 patients (1 1 men, 201 women) with a mean age of 55.3 years (range 24-75). 
The racial distribution was Caucasian 88.7%, Black 1.9% and other 9.4%, The effects 
of cevimeline at 15 mg tid (45 mg/day) and 30 mg tid (90 mg/day) were compared to 
those of placebo. No statistically significant differences were noted in the patient global 
evaluations. However, there was a higher placebo response rate in this study 
compared to the aforementioned studies. The 30 mg tid group showed a statistically 
significant increase in salivary flow from pre-dose to post-dose compared to placebo 
(p=0.0017). 

INDICATIONS AND USAGE 

Cevimeline is indicated for the treatment of symptoms of dry mouth in patients with 
Sjogren's Syndrome. 

CONTRAINDICATIONS 

Cevimeline is contraindicated in patients with uncontrolled asthma, known 
hypersensitivity to cevimeline, and when miosis is undesirable, e.g., in acute iritis and in 
narrow-angle (angle-closure) glaucoma. 

WARNINGS 

Cardiovascular Disease: 

Cevimeline can potentially alter cardiac conduction and/or heart rate. Patients with 
significant cardiovascular disease may potentially be unable to compensate for transient 
changes in hemodynamics or rhythm induced by EVOXAC ™. EVOXAC ™ should be 
used with caution and under dose medical supervision in patients with a history of 
cardiovascular disease evidenced by angina pectoris or myocardial infarction. 
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Pulmonary Disease: 



Cevimellne can potentially increase airway resistance, bronchial smooth muscle tone, 
and bronchial secretions. Cevimeline should be administered with caution and with 
close medical supervision to patients with controlled asthma, chronic bronchitis, or 
chronic obstructive pulmonary disease. 

Ocular: 

Ophthalmic formulations of muscarinic agonists have been reported to cause visual 
blurring which may result in decreased visual acuity, especially at night and in patients 
with central lens changes, and to cause impairment of depth perception. Caution 
should be advised while driving at night or performing hazardous activities in reduced 
lighting. 

PRECAUTIONS 

General: 

Cevimeline toxicity is characterized by an exaggeration of its parasympathomimetic 
effects. These may include: headache, visual disturbance, lacrimation, sweating, 
respiratory distress, gastrointestinal spasm, nausea, vomiting, diarrhea, atrioventricular 
block, tachycardia, bradycardia, hypotension, hypertension, shock, mental confusion, 
cardiac arrhythmia, and tremors, 

Cevimeline should be administered with caution to patients with a history of 
nephrolithiasis or cholelithiasis. Contractions of the gallbladder or biliary smooth muscle 
could precipitate complications such as cholecystitis, cholangitis and biliary obstruction. 
An increase in the ureteral smooth muscle tone could theoretically precipitate renal 
colic or ureteral reflux in patients with nephrolithiasis. 

Information for Patients: Patients should be informed that cevimeline may cause 
visual disturbances, especially at night, that could impair their ability to drive safely. 

If a patient sweats excessively while taking cevimeline, dehydration may develop. 
The patient should drink extra water and consult a health care provider. 

Drug Interactions: 

Cevimeline should be administered with caution to patients taking beta adrenergic 
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antagonists, because of the possibility of conduction disturbances. Drugs with 
parasympathomimetic effects administered concurrently with cevimeline can be 
expected to have additive effects. Cevimeline might interfere with desirable 
antimuscarinic effects of drugs used concomitantly. 

Drugs which inhibit CYP2D6 and CYP3A3/4 also inhibit the metabolism of cevimeline. 
Cevimeline should be used with cautioti in individuals known or suspected to be 
deficient in CYP2DS activity, based on previous experience, as they may be at a higher 
risk of adverse events. In an in vitro study cytochrome P450 isozymes 1A2, 2A6, 2C9, 
2C19, 2D6, 2E1 . and 3A4 were not inhibited by exposure to cevimeline. 

Carcinogenesis, Mutagenesis and Impairment of Fertility: 

Lifetime carcinogenicity studies were conducted in CD-1 mice and F-344 rats. A 
statistically significant increase in the incidence of adenocarcinomas of the uterus was 
observed in female rats that received cevimeline at a dosage of 100mg/kg/day 
(approximately 8 times the maximum human exposure based on comparison of AUC 
data). No other significant differences in tumor incidence were observed in either mice 
or rats. 

Cevimeline exhibited no evidence of mutagenicity or clastogenicity in a battery of 
assays that included an Ames test, an in vitro chromosomal aberration study in 
mammalian cells, a mouse lymphoma study in LS178Y cells, or a micronucleus assay 
conducted in vivo in ICR mice. 

Cevimeline did not adversely affect the reproductive performance or fertility of male 
Sprague-Dawley rats when administered for 63 days prior to mating and throughout the 
period of mating at dosages up to 4Smg/kg/day (approximately 5 times the maximum 
recommended dose for a 60kg human following normalization of the data on the basis 
of body surface area estimates). Females that were treated with cevimeline at dosages 
up to 45mg/kg/day from 14 days prior to mating through day seven of gestation 
exhibited a statistically significantly smaller number of implantations than did control 
animals. 



Pregnancy: 

Pregnancy Category C. 

Cevimeline was associated with a reduction in the mean number of implantations when 
given to pregnant Sprague-Dawley rats from 14 days prior to mating through day seven 
of gestation at a dosage of 45mg/kg/day (approximately 5 times the maximum 
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recommended dose for a 60kg human when compared on the basis of body surface 
area estimates). This effect may have been secondary to maternal toxicity. There are 
no adequate and well-controlled studies in pregnant women. Cevimeline should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: 

It is not known whether this drug is secreted in human milk. Because many drugs are 
excreted in human milk, and because of the potential for serious adverse reactions in 
nursing infants from EVOXAC™, a decision should be made whether to discontinue 
nursing or discontinue the drug, taking into account the importance of the drug to the 
mother 

Pediatric Use: 

Safety and effectiveness in pediatric patients have not been established. 
Geriatric Use: 

Although clinical studies of cevimeline included subjects over the age of 65, the 
numbers were not sufficient to determine whether they respond differently from younger 
subjects. Special care should be exercised when cevimeline treatment is initiated in an 
elderly patient, considering the greater frequency of decreased hepatic, renal, or cardiac 
function, and of concomitant disease or other drug therapy in the elderly. 

ADVERSE REACTIONS 

Cevimeline was administered to 1777 patients during clinical trials worldwide, including 
Sjogren's patients and patients with other conditions. In placebo-controlled Sjogren's 
studies in the U.S. 484 patients received cevimeline doses ranging from 157ng tid to 60 
mg tid, of whom 94% were women and 6% were men. Demographic distribution was 
90% Caucasian, 5% Hispanic, 2% Black, and 3% of other origin- In these studies, 
1 1 .1% of patients discontinued treatment with cevimeline due to adverse events. 

The following adverse events associated with muscarinic agonism were observed in the 
clinical trials of cevimeline in Sjogren's syndrome patients: 
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CsvimelinB 




Adverse Event 


30mg 


Hl&CGDO 




cud) 


(t.i.d) 




n'=533 


n=164 


Excessive 






Sweating 


18.7% 


2.4% 




13.8% 


7.9% 


Rhinitis 


11.2% 


5.4% 


Diarrhea 


10.3% 


10.3% 


Excessive 






Salivation 


2.2% 


0.6% 


Urinary 




1.8% 


Frequency 


0.9% 


Asthenia 


0.5% 


0% 


Flushing 


0.3% 


0.6% 


Polyuria 


0.1% 


0.6% 



*n is the total number of patients exposed to ihe dose at any time during the study 

In addition, the following adverse events (^3% incidence) were reported in the Sjogren's 
clinical trials: 





CevimeJine 




Adverse Event 


30mg 


Placebo 




(t.i.d) 


(t-i-d) 




n"=533 


n=164 


Headache 


14.4% 


20.1% 


Sinusitis 


12.3% 


10.9% 


Upper Resp 






Tract Infection 11.4% 


9.1% 


Dyspepsia 


7.8% 


8.5% 


Abdominal 






Pain 


7.6% 


6.7% 


Urinary Tract 




3.0% 


Infection 


6.1% 


Coughing 


.6.1% 


3.0% 


Pharyngitis 


5.2% 


5.4% 


Vomiting 


4.6% 


2.4% 


Injury 


4.5% 


2.4% 


Back pain 


4.5% 


4.2% 


Rash 


4.3% 


6.0% 
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Conjunctivitis 
Dizziness 
Bronchitis 
Arthralgia 
Surgical 



4.3% 
4.1% 
4.1% 
3.7% 



3.6% 
7.3% 
1.2% 
1 .8% 



Fatigue 
Pain 

Skeletal pain 
Insomnia 
Hot flushes 
Rigors 
Anxiety 



Intervention 



3.3% 
3.3% 
3.3% 
2.8% 
2.4% 
2.4% 
1.3% 
1.3% 



3.0% 

1 .2% 

3.0% 

1.8% 

1.2% 

0% 

1.2% 

1.2% 



*n is the total number of patients exposed to the dose at any time during the study 



The following events were reported in Sjogren's patients at incidences of < 3% and > 
1%: constipation, tremor, abnormal vision, hypertonia, peripheral edema, chest pain, 
myalgia, fever, anorexia, eye pain, ear ache, dry mouth, vertigo, salivary gland pain, 
pruritus, influenza-like symptoms, eye infection, post-operative pain, vaginitis, skin 
disorder, depression, hiccup, hyporeflex'ia, infection, fungal infection, sialadenitis, otitis 
media, erythematous rash, pneumonia, edema, salivary gland enlargement, allergy, 
gastroesophageal reflux, eye abnormality, migraine, tooth disorder, epistaxis. flatulence, 
tooth ache, ulcerative stomatitis, anemia, hypoesthesia, cystitis, leg cramps, abscess, 
eructation, moniliasis, palpitation, increased amylase, xerophthalmia, allergic reaction. 

The following events were reported rarely in treated Sjogren's patients (<1 %): Causal 
relation is unknown: 

Body as a Whole Disorders: aggravated allergy, precordial chest pain, abnormal 
crying, hematoma, leg pain, edema, periorbital edema, activated pain trauma, pallor, 
changed sensation temperature, weight decrease, weight increase, choking, mouth 
edema, syncope, malaise, face edema, substernal chest pain 

Cardiovascular Disorders: abnormal ECG, heart disorder, heart murmur, aggravated 
hypertension, hypotension, arrhythmia, extrasystoles, t wave inversion, tachycardia, 
supraventricular tachycardia, angina pectoris, myocardial infarction, pericarditis, 
pulmonary embolism, peripheral ischemia, superficial phlebitis, purpura, deep 
thrombophlebitis, vascular disorder, vasculitis, hypertension 

Digestive Disorders: appendicitis, increased appetite, ulcerative colitis, diverticulitis, 
duodenitis, dysphagia, enterocolitis, gastric ulcer, gastritis, gastroenteritis,- 
gastrointestinal hemorrhage, gingivitis, glossitis,rectum hemorrhage, hemorrhoids, ileus, 
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irritable bowel syndrome, melena, mucositis, esophageal stricture, esophagitis, oral 
hemorrhage, peptic ulcer, periodontal destruction, rectal disorder, stomatitis, tenesmus, 
tongue discoloration, tongue disorder, geographic tongue, tongue ulceration, dental 
caries 

Endocrine Disorders: increased glucocorticoids, goiter, hypothyroidism 

Hematologic Disorders: thrombocytopenic purpura, thrombocythemia, 
thrombocytopenia, hypochromic anemia, eosinophil, granulocytopenia, ieucopenia, 
leukocytosis, cervical lymphadenopathy, lymphadenopathy 

Liver and Biliary System Disorders: cholelithiasis, increased gamma-giuiamyl 
transferase, increased hepatic enzymes, abnormal hepatic function, viral hepatitis, 
increased serum glutamate oxaloacetic transaminase (SGOT) (also called AST - 
aspartate aminotransferase), increased serum glutamate pyruvate transaminase 
(SGPT) (also called ALT - alanine aminotransferase) . 

Metabolic and Nutritional Disorders : dehydration, diabetes meilitus, hypercalcemia, 
hypercholesterolemia, hyperglycemia, hyperlipemia, hypertriglyceridemia, 
hyperuricemia, hypoglycemia, hypokalemia, hyponatremia, thirst 

Musculo Skeletal Disorders: arthritis, aggravated arthritis, arthropathy, femoral head 
avascular necrosis, bone disorder, bursitis, costochondritis, plantar fasciitis, muscle 
weakness, osteomyelitis, osteoporosis, synovitis, tendinitis, tenosynovitis 

Neoplasms: basal cell carcinoma, squamous carcinoma 

Nervous Disorders: carpal tunnel syndrome, coma, abnormal coordination, 
dysesthesia, dyskinesia, dysphonia. aggravated multiple sclerosis, involuntary muscle 
contractions, neuralgia, neuropathy, paresthesia, speech disorder, agitation, confusion, 
depersonali7ation 1 aggravated depression, abnormal dreaming, emotional lability, manic 
reaction, paroniria, somnolence, abnormal thinking, hyperkinesia, hallucination 

Miscellaneous Disorders: fall, food poisoning, heat stroke, joint dislocation, post- 
operative hemorrhage 

Resistance Mechanism Disorders: cellulitis, herpes simplex, herpes zoster, bacterial 
infection, viral infection, genital moniliasis, sepsis 

Respiratory Disorders: asthma, bronchospasm, chronic obstructive airway disease, 
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dyspnea, hemoptysis, laryngitis, nasal ulcer, pleural effusion, pleurisy, pulmonary 
congestion, pulmonary fibrosis, respiratory disorder 

Rheumatologic Disorders: aggravated rheumatoid arthritis, lupus erythematosus rash, 
lupus erythematosus syndrome 

Skin and Appendages Disorders: acne, alopecia, burn, dermatitis, contact dermatitis, 
lichenoid dermatitis, eczema, furunculosis, hyperkeratosis, lichen planus, nail 
discoloration, nail disorder, onychia, onychomycosis, paronychia, photosensitivity 
reaction, rosacea, scleroderma, seborrhea, skin discoloration, dry skin, skin exfoliation, 
skin hypertrophy, skin ulceration, urticaria, verruca, bullous eruption, cold clammy skin 

Special Senses Disorders: deafness* decreased hearing, motion sickness, parosmia, 
taste perversion, blepharitis, cataract, corneal opacity, corneal ulceration, diplopia, 
glaucoma, anterior chamber eye hemorrhage, keratitis, keratoconjunctivitis, mydriasis, 
myopia, photopsia, retinal deposits, retinal disorder, scleritis, vitreous detachment, 
tinnitus 

Urogenital Disorders: epididymitis, prostatic disorder, abnormal sexual function, 
amenorrhea, female breast neoplasm, malignant female breast neoplasm, female 
breast pain, positive cervical smear test, dysmenorrhea, endometrial disorder, 
intermenstrual bleeding, leukorrhea, menorrhagia, menstrual disorder, ovarian cyst, 
ovarian disorder, genital pruritus, uterine hemorrhage, vaginal hemorrhage, atrophic 
vaginitis, albuminuria, bladder discomfort, increased blood urea nitrogen, dysuria, 
hematuria, micturition disorder, nephrosis, nocturia, increased nonprotein nitrogen, 
pyelonephritis, renal calculus, abnormal renal function, renal pain, strangury, urethral 
disorder, abnormal urine, urinary incontinence, decreased urine flow, pyuria. 

In one subject with lupus erythematosus receiving concomitant multiple drug therapy, a 
highly elevated ALT level was noted after the fourth week of cevimeline therapy. In two 
other subjects receiving cevimeline in the clinical trials, very high AST level§ were 
noted. The significance of these findings is unknown. 

Additional adverse events (relationship unknown) which occurred in other dinical 
studies (patient population different from Sjogren's patients) are as follows: 
cholinergic syndrome, blood pressure fluctuation, cardiomegaly, postural hypotension, 
aphasia, convulsions, abnormal gait, hyperesthesia, paralysis, abnormal sexual 
function, enlarged abdomen, change in bowel habits, gum hyperplasia, intestinal 
^hAtmntion, bundle branch block, increased creatine phosphokinase. electrolyte 
abnormality, glycosuria, gout, hyperkalemia, hyperproteinemia, increased lactic 
dehydrogenase (LDH), increased alkaline phosphatase, failure to thrive, abnormal 
platelets, aggressive reaction, amnesia, apathy, delirium, delusion, dementia, illusion, 
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impotence, neurosis, paranoid reaction, personality disorder, hyperhemoglobinemia, 
apnea, atelectasis, yawning, oliguria, urinary retention, distended vein, lymphocytosis. 

MANAGEMENT OF OVERDOSE 

Management of the signs and symptoms of acute overdosage should be handled in a 
manner consistent with that indicated for other muscarinic agonists: general supportive 
measures should be instituted. If medically indicated, atropine, an anti-cholinergic 
agent, may be of value as an antidote for emergency use in patients who have had an 
overdose of cevimeline. If medically indicated, epinephrine may also be of value in the 
presence of severe cardiovascular depression or bronchoconstriction. It is not known if 
cevimeline is dialyzable. 

DOSAGE AND ADMINISTRATION 

The recommended dose of cevimeline is 30 mg taken three times a day. There is 
insufficient safety information to support doses greater than 30 mg. tid. There is also 
insufficient evidence for additional efficacy of cevimeline at doses greater than 30 mg 
tid. 

HOW SUPPLIED 

EVOXAC™ is available as white, hard gelatin capsules of cevimeline hydrochloride 

containing 30 mg of cevimeline imprinted with . It is supplied in 

child resistant bottles of 100 capsules (NDC XXXXX) and 500 capsules (NDC 
YYYYYY). 

Store at 25°C (77°F) excursion permitted to 15° - 30° C (59° -86° F) 
Rx Only 
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CUSHMAN, DARBY AND CUSHMAN 
ATTORNEYS AT LAW 
1100 NEW YORK AVENUE, N.W. 
NINTH FLOOR, EAST TOWER 
WASHINGTON DC 20005-3918 



UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 
Washington. O. C. 20331 



MAINTENANCE FEE STATEMENT 



The data shown below is from the records of the Patent and Trademark Office. If the maintenance fees 
and any necessary surcharges have been timely paid for the patents listed below, the notation "PAID" will 
appear in column 10, "status" below. 

If a maintenance fee payment is defective, the reason is indicated by code in column 10, "status" below. 
An explanation of the codes appears on the reverse of the Maintenance Fee Statement. TIMELY COR- 
RECTION IS REQUIRED IN ORDER TO AVOID EXPIRATION OF THE PATENT. NOTE 37 CFR 
1.377. THE PAYMENT(S) WILL BE ENTERED UPON RECEIPT OF ACCEPTABLE CORRECTION 
IF PAYMENT OR CORRECTION IS SUBMITTED DURING THE GRACE PERIOD, A SURCHARGE 
IS ALSO REQUIRED. NOTE 37 CFR 1 .20(k) and (I). 

If the statement of small entity status is defective the reason is indicated below in column 10 for the 
related patent number. THE STATEMENT OF SMALL ENTITY STATUS WILL BE ENTERED UPON 
RECEIPT OP ACCEPTABLE CORRECTION. 



ITM PATENT FEE FEE SUR SERIAL PATENT FILE PAY SML 

NBR NUMBER CDE AMOUNT CHARGE NUMBER DATE DATE YR ENT STAT 

1 4,855,290 184 2050 06/853,404 08/08/89 04/18/86 08 NO PAID 




If the "status" column for a patent number listed above does not indicate "PAID" a code or an asterisk 
(*) will appear in the "status" column. Where an asterisk (*) appears, the codes are set out below by the 
related item number. An explanation of the codes indicated in the "status" column and as set out below 
by the related item number appears on the reverse of the maintenance fee statement. 



ITM ATTY DKT 

NBR NUMBER 

1 FISY-646-YA 
DIRECT THF RESPONSE TOGETMEP. WITH AN V QUESTIONS ABOUT THIS NGTICE TO: 
COMMISSIONER OF PATENTS AND TRADEMARKS, BOX M. FEE, WASHINGTON, DC 20231 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFFICE 



In re U.S. Patent No. 4,855,290 

Issued: August 8, 1989 

To: Abraham Fisher, Ishai Karton, 

Eliahu Heldman, Aharon Levy and 
Yona Grunfeld 

For: DERIVATIVES OF QUINUCLIDINE 

* * 

DECLARATION OF PAUL E. WHITE, JR. 

Hon. Commissioner of Patents & Trademarks 
Washington, D.C. 20231 

Sir: 

Paul E. White, Jr. as patent counsel for the state of Israel, represented by the 
Prime Minister's Office, Israel Institute for Biological Research, the assignee of record 
of the above-identified patent (hereinafter "Applicant"), declares as follows: 

(1 ) That he is a Registered Patent Attorney and partner with the firm of 
Pillsbury Madison & Sutro LLP, Cushman Darby & Cushman Intellectual Property 
Group, 1100 New York Avenue, N.W., Ninth Floor, East Tower, Washington, D.C. 
20005-3918, authorized to practice before the United States Patent and Trademark 
Office under Registration No. 32,01 1 , and that he is authorized by Applicant to file the 
accompanying APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 
U.S.C. § 156, and to execute this Declaration. 
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(2) That, upon information and belief, Applicant is the assignee of the entire 
right, title and interest in and to Letters Patent of U.S. Patent No. 4,855,290, issued 
August 8, 1989 (hereinafter "the Patent") by reason of an assignment to Applicant 
recorded in the United States Patent and Trademark Office on April 18, 1986, at Reel 
4541, Frame 0129. 

(3) That submitted herewith is an APPLICATION FOR EXTENSION OF 
PATENT TERM UNDER 35 U.S.C. § 156 for the Patent (hereinafter referred to as the 
"Application") requesting a 3.10 year (1,133 days) extension of the term of the Patent. 

(4) That he has reviewed and understands the contents of the Application 
being submitted pursuant to 37 C.F.R. § 1.740. 

(5) That he believes the Patent is subject to extension pursuant to 37 C.F.R. 
§ 1.710. 

(6) That he believes an extension of 3.10 years (1,133 days) as requested in 
the Application is justified under 35 U.S.C. § 156 and the applicable regulations. 

(7) That he believes the Patent for which the extension is being sought meets 
the conditions for extension of the term of a patent as set forth in 37 C.F.R. § 1 .720. 



2 



1 



FISHER et al. - U.S. Patent No. 4,855,290 



He declares further that all statements made herein of his own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further that these statements are made with the knowledge that willful false statements 
and the like are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of United States Patent No. 4,855,290, issued August 8, 1989, and any 
extensions thereof. 



Date: March 9, 2000 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFFICE 



In re U.S. Patent No. 4,855,290 

Issued: August 8, 1989 

To: Abraham Fisher, Ishai Karton, 

Eliahu Heldman, Aharon Levy and 
Yona Grunfeld 

For: DERIVATIVES OF QUINUCLIDINE 



Hon. Commissioner of Patents & Trademarks 
Washington, D.C. 20231 



The undersigned hereby certifies that this APPLICATION FOR EXTENSION OF 
PATENT TERM UNDER 35 U.S.C. § 156, including THE EXHIBITS and supporting 
papers, are being submitted as duplicate originals. 



* 



* 



* 



* 



CERTIFICATION 



Sir: 



Date: March 9, 2000 
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